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(54) Photoelectric conversion device and photoelectric conversion module each having a protective 
member comprised of fluorine-containing polymer resin. 



(57) A photoelectric conversion device including a photoelectric conversion element comprising a 
substrate, a photoelectric conversion layer with at least a pair of electrodes disposed on said substrate, 
a transparent resin layer comprising a fluorine-containing polymer resin, and a transparent surface 
layer, said transparent resin layer being disposed between said photoelectric conversion element and 
said transparent surface layer, characterized in that said fluorine-containing polymer resin has a 
fluorine content of 20 wt% to 40 wt% and is crossl inked with a peroxide. A module including (a) a 
photoelectric conversion element comprising a substrate, a photoelectric conversion layer with at least 
a pair of electrodes disposed on said substrate, (b) a transparent resin layer comprising a fluorine- 
containing polymer resin, (c) a transparent surface layer, and (d) a reinforcing member, said transparent 
resin layer and said transparent surface layer being disposed in this order on the light receiving face of 
said photoelectric conversion element, and said reinforcing member being disposed on the rear side of 
said photoelectric conversion element, characterized in that said fluorine-containing polymer resin has 

C\| a fluorine content of 20 wt% to 40 wt% and is crosslinked with a peroxide. 
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BACKGROUND OF THE INVENTION 
Fi Id of the Inv ntion 

5 The present inv ntion relat s to an improved, r liabl photoelectric conversion d vice and an improved, 

reliable photoelectric conversion module which excel in weatherability, heat resistance and abrasion resistance 
and continuously exhibit a desirable photoelectric conversion efficiency without being deteriorated even upon 
repeated use over a long period of time under severe environmental conditions of high temperature and high 
humidity. More particularly, the present invention relates to an improved photoelectric conversion device and 

10 an improved photoelectric conversion module each having a photovoltaic element comprising a semiconductor 
active layer and a transparent and conductive layer disposed in this order on an electroconductive substrate, 
and a surface protective member disposed on said photovoltaic element, said surface protective member in- 
cluding a transparent material member composed of a specific fluorine-containing polymer resin, wherein the 
photovoltaic element of the photoelectric conversion device or photoelectric conversion module is tightly 

15 sealed by means of the aforesaid specific surface protective member with an improved adhesion between the 
photovoltaic element and the surface protective member. Hence, the photoelectric conversion device or pho- 
toelectric conversion module excel in weatherability, moisture resistance, heat resistance and abrasion resis- 
tance and continuously exhibit a desirable photoelectric conversion efficiency without being deteriorated even 
upon repeated use over a long period of time under severe environmental conditions of high temperature and 

20 high humidity. 

Related Background Art 

In recent years, heating of the earth because of the so-called greenhouse effect due to an increase of at- 

25 mospheric C0 2 has been predicted. In view of this, there is an increased demand for a means of power gen- 
eration capable of providing clean energy without causing C0 2 buildup. In this regard, nuclear power generation 
has been considered to be advantageous in view of not causing C0 2 buildup. However, there are problems for 
nuclear power generation in that it unavoidably produces radioactive wastes which are harmful for living things 
and there is a probability that leakage of injurious radioactive materials from the nuclear power generation sys- 

30 tern will happen when the system is damaged. Therefore, there is an increased societal demand for early re- 
alization of a power generation system capable of providing clean energy without causing C0 2 buildup as in 
the case of thermal power generation and without causing radioactive wastes and radioactive materials as in 
the case of nuclear power generation. 

There have been various proposals which are expected to meet such societal demand. Among those pro- 

35 posais, solar cells (photoelectric conversion elements in other words) are expected to be a future power gen- 
eration source since they supply electric power without causing those problems as above mentioned. 

There have been proposed a variety of solar cells for commercial and home appliances. These solar cells 
include single crystal silicon solar cells, polycrystal silicon solar cells, amorphous silicon solar cells, copper 
indium selenide solar cells, and compound semiconductor solar cells. Of these solar cells, various studies have 

40 been made on so-called thin film crystal silicon solar cells, compound semiconductor solar cells and amor- 
phous silicon solar cells since their semiconductor active layer can be relatively easily formed in a large area 
and in a desired form and they therefore can be easily produced at a relatively low production cost. 

Particularly, thin film amorphous solar cells, specifically, amorphous silicon solar cells, comprising a metal 
substrate, an amorphous silicon semiconductor active layer disposed on said metal substrate, and a trans- 

45 parent and conductive layer disposed on said semiconductor active layer have been evaluated as being the 
most advantageous among the conventional solar cells because their semiconductor active layer comprised 
of amorphous silicon (hereinafter referred to as a-Si) can be easily formed in a large area and in a desired 
form on a relatively inexpensive substrate with a low production cost and they are light and excel in shock re- 
sistance and flexibility, and in addition, they can be designed into a solar cell module in a desired configuration 

so which can be used as a power generation source. 

Now, in the case of an amorphous silicon solar cell having a semiconductor active layer comprising, for 
example, an a-Si thin film disposed on a glass plate as a substrate, light is impinged through the substrate 
side, and because of this, th glass plate can be designed to serve as a prot ctiv memb r. How ver, in the 
case of the aforementioned solar cell having the a-Si semiconductor active lay r disposed on the m tal sub- 

55 strate, because th metal substrat does not permit incid nt light to transmit ther through, light is imping d 
through the side opposite the metal substrate, and th r for , it is necessary to dispos an appropriate trans- 
parent protective m mb r on the sid through which light is imping d such that it protects the solar c llelem nt. 
In th conventional mann r to do this, a transparent fluorine-containing polym r film comprised of f luoror sin 
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or a f luororesin-containing composition is used as the surface protectiv member and a transparent thermo- 
plastic resin is us d as a filler under the transparent fluorine-containing polymer film. 

In fact, the fluorine-containing polym r film is often us d in the above describ d manner, sine it is ad- 
vantageous in that it is satisfactory in t rms of w atherability and water-r pell ncy and serves to diminish a 

5 deterioration in the photoel ctric conversion efficiency of the solar cell element caused due to a reduction in 
the transmrttance of the surface protective member occurred when the protective member is yellowed or cloud- 
ed as a result of the protective member having been deteriorated. As for the thermoplastic resin used as the 
filler in combination with the fluorine-containing polymer film, it is also often used since it is relatively inex- 
pensive and suitable for protecting the solar cell element 

10 Now, description will be made of the conventional solar cell module with reference to FIG. 1. 

FIG. 1 is a schematic cross-sectional view of an example of the conventional solar cell module. In FIG. 1 , 
reference numeral 701 indicates a transparent surface protective film comprising a fluorine-containing polymer 
thin film, reference numeral 702 indicates a transparent thermoplastic resin as a filler, reference numeral 703 
indicates a photovoltaic element (or a solar cell), and reference numeral 704 indicates an insulating member. 

15 In this solar cell module, the filler disposed on the rear side of the photovoltaic element 703 is comprised 

of the same thermoplastic resin disposed on the side through which light is impinged. 

Specific examples of the fluorine-containing polymer thin film as the transparent surface protective film 
701 are fluororesin films such as ETFE (ethylene- tetraf luoroethylene copolymer) film, PVF (polyvinyl fluoride) 
film, and the like. Specific examples of the transparent thermoplastic resin as the filler 702 are EVA(ethylene- 

20 vinyl acetate copolymer), butyral resin, and the like. 

The insulating member 704 is disposed in order to reinforce the solar cell module while adding an appro- 
priate rigidity thereto. The insulating member 704 is usually comprised of an organic resin film such as nylon 
film, TEDLAR (trademark name, laminated aluminum foil), or the like. 

The thermoplastic resin 702 serves as an adhesive between the photovoltaic element 703 and the surface 

25 protective film 701 (that is, the fluororesin film) and also as an adhesive between the photovoltaic element ^ 
and the insulating member 704. In addition to this, the thermoplastic resin 702 also serves as a filler of pre- 
venting the photovoltaic element from being externally damaged and from being suffered from external shock. ?■ 
Incidentally, the present inventors made experimental studies of the thermoplastic resin as the filler in the Vf 
conventional solar cell module thus constituted by way of a so-called acceleration test corresponding to ex- u 

30 posure in outdoors over a long period of time (more than 20 years). As a result, there were obtained the following ^ 
findings. That is, when the solar cell module is continuously exposed to sunlight in outdoors over a long period 
of time (for example, over 20 years), the thermoplastic resin as the filler is liable to suffer from gellation whereby ■< 
resulting in being clouded or it is liable to be yellowed due to an increase in conjugated double bond in the 
chemical structure of the resin. The occurrence of such cloudiness or yellowing makes the thermoplastic resin 

35 as the filler to be poor in light transmittance, resulting in reducing the photoelectric conversion efficiency of *v 
the solar cell module. Hence, the thermoplastic resin as the filler is not sufficient enough not only in terms of 
weatherability but also in terms of durability upon repeated use in outdoors over a long period of time (for ex- 
ample, over 20 years). 

The present inventors obtained a further finding that the above problems becomes significant when the 

40 solar cell module is continuously used in severe outdoor atmosphere of high temperature and high humidity, 
wherein it is placed at a roof of a building or it is integrated with the roof. 

Further, the present inventors obtained a finding as for the solar cell module in which the filler is comprised 
of EVA. That is, when this solar cell module is continuously used at a temperature of 80 °C or above, the filler 
is liable to be remarkably yellowed. 

45 In addition, the present inventors obtained findings as for the solar cell module in which the filler is com- 

prised of butyral resin. That is, when this solar cell module is continuously used in outdoors, moisture is liable 
to invade through end portions of the filler into a defective portion of the photovoltaic element since the butyral 
resin is relatively high in hygroscopicity. In this case, the invaded moisture and the electric field of the photo- 
voltaic element make the constituent metal of the collecting electrode of the photovoltaic element to be ionized 

so to cause a precipitate, resulting in growing an independent metal layer. When this phenomenon proceeds, a 
short circuit is occurred in the photovoltaic element wherein an electric charge produced cannot be effectively 
outputted, resulting in reducing the photoelectric conversion efficiency of the photovoltaic element In addition 
to this, the butyral r sin has an inherent problem of causing a so-called d vitrification phenomenon in that its 
transparency is markedly reduced when it is xposed to an atmosphere of high t mp ratur and high humidity. 

55 Now, Japanese Laid-open patent application No. 76229/1992 (hereinaft r ref rred to as Japanese patent 

document) discloses a solar cell module which is fre f coloring (for exampl , yellowing) in the constituent 
resin and which is slightly d teriorated in th sev r high temp rature-high humidity t st The Japanes patent 
document describes that a protective film composed of a resin containing perf luoroalkyl ne group and active 
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hydrogen (i.e., LUMIFLON (trademark nam , produced by Asahi Glass Co., Ltd.)) is dispos d in a CdS/CdT 
type solar cell comprising a CdS/CdTe semiconductor layer disposed on a substrate. As for the LUMIFLON 
us d, the Japanese patent docum ntdescrib s that it is a f luorin polymer having a number av rag molecular 
w ight of 20,000 to 80,000 and containing p rfluoroalkylen group and pendant active hydrog n and which 
5 can produce a crosslinked polymer when reacted with melamin or a compound having an isocyanate group 
(that is, a crosslinking agent). Further, the Japanese patent document describes that a protective film excelling 
in moisture resistance is obtained when the LUMIFLON is crosslinked with isocyanate or resol type phenol 
resin. 

It is understood that the Japanese patent document is directed to a technique of merely disposing the afore- 
10 said protective film on a thin film type solar cell element 

In the solar cell module described in the Japanese patent document, there are still remained some prob- 
lems to be resolved particularly in terms of resistance to environments and durability. Specifically, the forma- 
tion of the foregoing protective film in the Japanese patent document is conducted by applying a coating com- 
position containing the foregoing resin by means of a screen printing technique and hardening the coating com- 
15 position applied at an elevated temperature. Because of this, it is difficult to attain a sufficient thickness for 
the protective film to be formed, wherein when the thin film solar cell element has an uneven surface, although 
the protective film can be formed along such uneven surface, the resultant is such that is accompanied by 
irregularities at the surface. Thus, the product is problematic in that it is not satisfactory particularly in terms 
of mechanical resistance since the surface thereof is liable to be externally damaged because of the irregu- 
20 larities present at the surface. 

In view of avoiding occurrence such problem, the use of a glass member as a protective member for a thin 
film solar cell element is the most appropriate. In fact, there are a number of proposals for sealing a thin film 
solar cell element by using a glass member. However, the glass sealing is difficult to attain desirable flexibility, 
shock resistance, lightweight, production cost reduction for a solar cell module obtained. 

25 

SUMMARY OF THE INVENTION 

The present invention is aimed at eliminating the foregoing problems in the conventional solar cell module 
and providing an improved photoelectric conversion device and an improved photoelectric conversion module. 

30 Another object of the present invention is to provide a photoelectric conversion device and a photoelectric 

conversion module each having an improved surface protective member comprised of a specif ic fluorine-con- 
taining polymer resin wherein the photovoltaic element (or the photoelectric conversion element) is tightly 
sealed by means of the surface protective member in such a state that the photovoltaic element (or the pho- 
toelectric conversion element) is maintained in a desirable state without being deteriorated mainly due to mois- 

35 ture invasion even upon repeated use over a long period time, and which excel in weatherability, moisture re- 
sistance, heat resistance and abrasion resistance and continuously exhibit a desirable photoelectric conversion 
efficiency without being deteriorated even upon repeated use over a long period of time under severe envir- 
onmental conditions of high temperature and high humidity. 

A further object of the present invention is to provide an improved photoelectric conversion device and an 

40 improved photoelectric conversion module each having a multi-layered protecting member including at least 
a transparent resin layer disposed on the light incident side of the photovoltaic element (or the photoelectric 
conversion element) and a transparent surface protective layer disposed at the outermost surface outside said 
resin layer, wherein said resin layer is comprised of a specific fluorine-containing polymer resin with a fluorine 
content of 20 wt.% to 40 wt.%. 

45 A further object of the present invention is to provide an improved photoelectric conversion device having 

a photoelectric conversion element comprising a substrate, a photoelectric conversion layer disposed on said 
substrate, and at least a pair of electrodes disposed at said photoelectric conversion layer, a transparent resin 
layer and a transparent surface protective layer respectively disposed on the light incident side of said photo- 
electric conversion element, wherein said resin layer is interposed between said photoelectric conversion ele- 

50 ment and said surface protective layer, and said resin layer is comprised of a specific fluorine-containing poly- 
mer resin with a fluorine content of of 20 wt.% to 40 wt.% and which is crosslinked with a peroxide. 

Afurther object of the present invention is to provide an improved photoelectric conversion module having 
a photoelectric conv rsion element comprising a substrat , a photo lectric conversion layer disposed on said 
substrat , and at least a pair of electrodes disposed at said photo lectric conversion layer, a trans par nt resin 

55 lay r having a multi-layer d structure and a transpar nt surface protective layer r spectively dispos donth 
light incident side of said photoelectric conv rsion I ement, and a back face reinforcing m mb r.wher in said 
resin lay risinterpos db tween said photo lectric conversion el ment and said surf ac protectiv layer, and 
said resin layer is compris d of asp cificf luorin -containing polym r resin with a fluorine content of 20 wt.% 
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to 40 wt.% and which is crossl inked with a peroxide. 

A further object of the pres nt invention is to provid an improved photoel ctric conversion devic having 
a photoelectric conversion el mentc mprising a substrat , a photoelectric con v rs ion layer disposed on said 
substrat , and at least a pair feiectr d s disposed at said photoel ctric conversi n layer, a transparent resin 
5 layer and a transparent surface prot ctive layer r sp ctiv ly disposed n the light incident side f said photo- 
electric conversion element, wherein said resin layer is interposed between said photoelectric conversion ele- 
ment and said surface protective layer, and said resin layer is comprised of a specific fluorine-containing poly- 
mer resin with a fluorine content of 20 wt% to 40 wt.% but containing neither a crosslinking agent nor a cross- 
linking assistant 

10 A further object of the present invention is to provide an improved photoelectric conversion module having 
a photoelectric conversion element comprising a substrate, a photoelectric conversion layer disposed on said 
substrate, and at least a pair of electrodes disposed at said photoelectric conversion layer, a transparent resin 
layer having a multi-layered structure and a transparent surface protective layer respectively disposed on the 
light incident side of said photoelectric conversion element, and a back face reinforcing member, wherein said 

15 resin layer is interposed between said photoelectric conversion element and said surface protective layer, and 
said resin layer is comprised of a specific fluorine-containing polymer resin with a fluorine content of 20 wt.% 
to 40 wt.% but containing neither a crosslinking agent nor a crosslinking assistant 



20 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a schematic cross-sectional view illustrating the constitution of a conventional solar cell module. 

FIG. 2 is a schematic cross-sectional view illustrating the constitution of an example of a solar cell module 
according to the present invention. 

FIG. 3(a) is a schematic cross-sectional view illustrating the constitution of an example of a photoelectric 
25 conversion element which can be used in the present invention. 

FIG. 3(b) is a schematic plan view illustrating a light receiving face of the photoelectric conversion element ~. 
shown in FIG. 3(a). 

FIG. 4 is a graph showing the interrelation between adhesion and acid value for a composite of EFTE f ilm ^ 
applied with corona discharging treatment and a filler. 
30 FIG. 5 is a graph showing the interrelation between moisture absorption and hydroxy) value for a filler ex-^ 

posed to an atmosphere of 40 °C and 90% RH for a week. 

FIGs. 6(a) and 6(b) are schematic explanatory view for an example of a solar cell module in which the pres-> 
ent invention can be applied, wherein FIG. 6(a) is a schematic perspective view of said solar cell module, and 
FIG. 6(b) is a schematically enlarged view of a bent portion of said solar cell module. 
35 FIGs. 7(a) through 7(d) are schematic views for explaining formation steps upon obtaining a solar cell mod- 

ule in the present invention. 

FIGs. 8(a) through 8(d) are schematic views for explaining formation steps upon obtaining a solar cell mod-^ 
ule in the present invention. 

FIGs. 9(a) through 9(d) are schematic views for explaining formation steps upon obtaining a solar cell mod- 
40 ule in the present invention. 

FIG. 10 is a schematic cross-sectional view illustrating the constitution of a solar cell module in which the 
present invention can be applied. 

FIG. 11 is a schematic view for explaining the scratch resistance test which will be later described. 
FIG. 12(a) is a schematic cross-sectional view illustrating the constitution of another solar cell module in 
^5 which the present invention can be applied. 

FIG. 12(b) is a schematic cross-sectional view illustrating an example of a stacked structure having a flu- 
ororesin (ETFE) film in the present invention. 

FIG. 13 is a schematic cross-sectional view illustrating the constitution of a comparative solar cell module. 
FIG. 14 is a schematic cross-sectional view illustrating the constitution of another comparative solar cell 
so module. 



DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

The present inv ntion is to eliminat the foregoing problems in th prior art and to attain the above de- 
55 scribed objects. The pres nt invention provides an improved photoelectric conversion device and an improved 
photoel ctric conversion module ach having a photoelectric conversion elem nt such as a photovoltaic ele- 
ment which is tightly seal d by a multi-lay r d protecting m mber including a transparent resin layer disposed 
on the light incident sid of said photovoltaic lement and a transparent surface protective layer disposed at 
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the outermost surfac outsid said resin layer, wh rein said resin layer is compris d of a specific fluorine-con- 
taining polymer r sin with a fluorine content of 20 wt.% to 40 wL%. 

Th photoelectric conversion device and photoelectric conversion module according to the present inven- 
tion have such significant advantages as will be described below, because their photo lectric conversion ele- 
ment is tig htly sealed by means of a transparent resin lay r comprised of a specific f luorin -containing polymer 
resin with a fluorine content of 20 wt% to 40 wt.% (this resin will be hereinafter occasionally referred to as 
f luororesin) and a transparent surface protective layer disposed above said transparent resin layer. 

(1) There can be attained a surface coating (or a filler) excelling in weatherability. That is, because the 
specific f luororesin containing fluorine in a specific amount of 20 wt% to 40 wt.% is used as a protective 
layerfor the photoelectric conversion element, there can be attained a surface coating essentially excelling 
in weatherability. Particularly, such yellowing problem as found in the prior art in which EVA is used as a 
protective member for the photoelectric conversion element is not occurred even upon repeated use over 
a long period of time, wherein the photoelectric conversion element is effectively prevented from being 
deteriorated in terms of photoelectric conversion efficiency. 

(2) There can be attained a surface coating (or a filler) excelling in moisture resistance. That is, because 
the specific fluororesin containing fluorine in a specific amount of 20 wt% to 40 wt.% is used as a pro- 
tective layerfor the photoelectric conversion element, there can be attained a surface coating essentially 
excelling in moisture resistance. Particularly, there is free of occurrence of such problem found in the prior 
art of using polyvinyl butyral resin as a protective member for the photoelectric conversion element wherein 
the protective member permits moisture invasion into the photoelectric conversion element under envir- 
onmental conditions of high temperature and high humidity. Hence, in the present invention, the photo- 
electric conversion element is free of moisture invasion even under environmental conditions of high tem- 
perature and high humidity and because of this, a short circuit is hardly occurred in the photoelectric con- 
version element. In addition to this, there is free of occurrence of the transparency reduction problem due 
to the devitrification phenomenon found in the prior art of using polyvinyl butyral resin as a protective mem- 
ber for the photoelectric conversion element, and therefore, there is not occurred a loss in the quantity of 
light impinged into the photoelectric conversion element which results in reducing the photoelectric con- 
version efficiency of the photoelectric conversion element. 

(3) When the fluororesin comprises a copolymer of f I uoroethylene and vinyl monomer units as the principal 
constituent, there can be attained a surface coating (or a filler) which desirably functions as a filler while 
taking full advantages of the fluororesin. Particularly, the surface coating excels in weatherability and 
moisture resistance and which is added with various properties provided by the vinyl monomer unit such 
as fusibility to solvents, transparency, flexibility, crosslinking property, and adhesion. 

When the above f (uoroethylene is replaced by chlorotrif luoroethylene, there can be attained a surface 
coating having a relatively low glass transition point and which is flexible and excels especially in trans- 
parency, because the fluororesin is poor in crystallinity due to a steric hindrance caused by the chlorine 
atoms. 

(4) When the copolymer described in the above (3) is one which has been crosslinked with a peroxide, 
there can be attained a surface coating (or filler) excelling especially in heat resistance. Particularly, during 
repeated use in an atmosphere of relatively high temperature, the coating material (or the filler) is softened, 
wherein it is prevented from being removed from the photoelectric conversion element. In addition to this, 
the coating material is free of such problems found in the prior art of using EVA as a protective member 
for the photoelectric conversion element in that the EVA as the protective member is liable to yellow during 
repeated use and this tendency is apparent in the case where an antioxidant and the like contained in the 
EVA as the protective member is evaporated during repeated use in an atmosphere of relatively high tem- 
perature, resulting in causing a reduction in the photoelectric conversion efficiency of the photoelectric 
conversion element. 

(5) When the copolymer described in the above (4) is made to have an acid value of 2 or more, there can 
be attained a surface coating (or a filler) excelling especially in adhesion. Particularly, even upon repeated 
use under severe environmental conditions wherein the temperature is suddenly lowered or heightened, 
a removal is hardly occurred not only at the interface between the coating (or the filler) and the surface 
protective layer (that is, the outermost surface layer) but also at the interface between the coating (or the 
fill r) and the photoelectric conversion lement. 

(6) There can be attain da surfac coating (or a filler) excelling especially in moisture resistanc by mak- 
ing th copolymer prior to subjecting to th crosslinking in th abov (4) to be 50 or less in hydroxy I value. 
That is, by using no hydroxyly group as a crooslinking point upon crosslinking the copolymer, the hydroxyl 
value of the copolymer prior to the cr sslinking can b reduced to be low in hydroxyl value. By using a 
fluororesin obtain d in this case, there can be attained a surfac coating (or a fill r) excelling sp cially 
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in moisture r sistance. 

Incidentally, as for the conventional solvent-soluble type fluororesin coating composition, it is usually 
cross! inked whil utilizing its hydroxy! groups with th us of a cross) inking agent such as is cyanat or 
melamine. Howev r, th product obtain d in this case unavoidably contains a hydrophilic u re thane bond 
5 or urea bond, and b caus of this, there cannot be attained a surface coating (or a filler) essentially x- 

celling in moisture resistance by using this product. 

(7) When the vinyl monomer unit of the copolymer described in the above (3) includes vinyl ether having 
a long chain alkyi group in the side chain, there can be attained a surface coating (or a filler) which excels 
especially in flexibility. Particularly, by structurally having such vinyl ether with a long chain alkyl group 

10 in the side chain, the copolymer becomes to have a reduced glass transition point, and this leads to pro- 

viding a surface coating (or filler) excelling in flexibility. 

(8) When the vinyl monomer unit of the copolymer described in the above (3) includes vinyl ester having 
a long chain alkyl group in the side chain, there can be attained a surface coating (or a filler) which excels 
especially in both flexibility and adhesion. Particularly, by structurally having such vinyl ester with a long 

is chain alkyl group in the side chain, the copolymer becomes to have a reduced glass transition point, and 

this leads to providing a surface coating (or filler) excelling in flexibility. In addition this, an improvement 
can be attained not only in the adhesion between the coating (or the filler) and the photoelectric conversion 
element but also in the adhesion between the coating (or the filler) and the surface protective layer (or 
the outermost surface layer). 
20 In the case where the surface coating (or the filler) is incorporated with a coupling agent, a further im- 

provement can be attained not only in the adhesion between the coating (or the filler) and the photoelectric 
conversion element but also in the adhesion between the coating (or the filler) and the surface protective layer 
(or the outermost surface layer). 

In addition to these advantages described in the above (1) through (8) provided by using such specific 
25 fluororesin as a transparent protective layer or filler which serves to encapsulate the photoelectric conversion 
element other advantages are provided by designing the transparent surface layer disposed on the fluororesin 
layer as will be described below. 

(a) When the transparent surface protective layer is comprised of a resin film of 70° or above in surface 
contact angle against water, there can be attain a photoelectric conversion device or module having a de- 

30 sirable surface capable of preventing from being polluted and capable of preventing from being deposited 

with pollutants, wherein the photoelectric conversion device or module is free of a reduction in the photo- 
electric conversion efficiency. 

(b) When the transparent surface protective layer comprises a transparent film composed of a f I uoro po- 
lymer, there can be attained a photoelectric conversion device or module which markedly excels in weath- 

35 erability because the transparent surface protective layer excels in weatherability and in addition to this, 

the coating material (or the filler) composed of the foregoing specific fluororesin for the photoelectric con- 
version element also excels in weatherablity. 

(c) When the transparent surface protective layer comprises a film composed of tetrafluoroethylene-ethy- 
lene copolymer, there can be attained a photoelectric conversion device or module which is markedly im- 

40 proved in terms of weatherability, transparency, and physical strength. 

(d) When corona discharging treatment is conducted forthe face of the transparent surface protective layer 
to be joined to the coating material (or the filler) composed of the foregoing specific fluororesin for the 
photoelectric conversion element, the adhesion between the two can be further assured. 

(e) When the transparent surface protective layer comprises a nonoriented (or nondrawn) resin film, there 
45 can be attained a photoelectric conversion module (or a solar cell module) which can be properly designed 

as desired in terms of shape. Particularly, this photoelectric conversion module is free of occurrence of 
crazings or pinholes when it is bent in order for it to be shaped as desired, wherein the bent photoelectric 
conversion module obtained has a desirable surface without accompaniment of a crazing or pinhole and 
which excels in moisture resistance and pollution resistance. 
so In the following, the present invention will be described in more detail. 

Firstly, description will be made of the protective film described in the foregoing Japanese patent document 
(i.e., Japanese Laid-open patent application No. 76229/1992). The protective film described in the Japanese 
patent document has such probl msaspr viouslydescrib d because it is formed by means of th coating tech- 
nique, although its basic prop rty is satisfactory. In order to eliminate such problems r lating to th protective 
55 film in the Japanese patent document, th re can be considered a manner wherein the protectiv film is used 
as a coating material (or a filler) for th solar cell element and a separat film is dispos d ther on whereby 
attaining an improvem nt for the solar cell module in terms of weath rabilityand durability. How v r, this man- 
ner is not practical because it is extremely difficult to laminate an appropriat resin film as a surface protectiv 
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film at a satisfactory adhesion on the resin containing perfluoroalkylene group and active hydrogen previously 
appli d by means of th coating technique, aiming at attaining an improvem nt in terms of w atherability and 
durability. 

Incid ntally, in the cas of crosslinking a copolym r t there is usually add d a crosslinking agent. In the 
5 Japan s patent docum nt, there is described th addition of isocyanate as a crosslinking ag nt In any case, 
the pot life of a resin after having been mixed with a crosslinking agent is short in general (the pot life herein 
means a period of time during which the resin can be used as a coating material). In this respect, in order to 
prolong the the pot life, a blocking agent is usually added to protect a crosslinking agent (for example, isocyan- 
ate) from reacting. 

10 However, in the case of the above manner of forming a coat structure by laminating a surface protective 

film on the resin containing perfluoroalkylene group and active hydrogen previously applied by means of the 
coating technique, crosslinking of the resin is difficult to be attained as desired because a blocking agent con- 
tained in the resin is not sufficiently dissociated and vaporized upon the crosslinking operation due to the sur- 
face film covering the resin, wherein the crosslinking reaction does not proceeds as desired. In order to avoid 

15 occurrence of this problem, there can be considered a manner wherein the resin is firstly crosslinked and then, 
the surface film is laminated on the resultant crosslinked resin. This manner is however not effective because 
the crosslinked resin is poor in adhesion and therefore, there cannot be attained a practically acceptable lam- 
inate. 

Further, in the case of using melamine as a crosslinking agent, there is not available any effective blocking 
20 agent therefor. 

In view of the above description, it is understood that the resin containing perfluoroalkylene group and ac- 
tive hydrogen in the Japanese patent document is effective only in using as an outermost surface protective 
member but is not usable as a filler in a solar cell module. 

Now, the resin containing perfluoroalkylene group and active hydrogen in the Japanese patent document 

25 is of a surface hardness corresponding to a pencil hardness of B to H. The surface of the resin with such surface 
hardness is readily damaged by sands or dusts in outdoors, wherein the surface accompanied by damages 
is readily polluted through the damages or/and is deposited with dusts or sands at the damages, resulting in 
scattering sunlight or preventing sunlight from being impinged. 

Although the situation will be somewhat different depending on the application manner employed, in any 

30 case, when a coating composition comprising the resin containing perfluoroalkylene group and active hydro- 
gen described in the Japanese patent document is provided and the coating composition is applied to form a 
surface film upon preparing a solar cell module, the resulting surface film becomes such that is accompanied 
by pinholes and is readily deposited with dusts to the surface thereof and that permits moisture or oxygen to 
invade into the solar cell element. 

35 Therefore, it can be said that a practically effective organic material capable of providing a surface coating 

(or a filler) capable of encapsulating a photoelectric conversion element in a state excelling especially in weath- 
erability and moisture resistance in the production of a photoelectric conversion device or module is not avail- 
able at the present time. 

The present inventors made extensive studies in order to eliminate the foregoing problems in the prior art. 

40 As a result, there was obtained a finding that those fluorine-containing polymer resins with a fluorine content 
of 20 wt.% to 40 wt.% as above described are effective in attaining a surface coating (or a filler) capable of 
encapsulating a photoelectric conversion element in a state excelling especially in weatherability and moisture, 
resistance in the production of a photoelectric conversion device or module, wherein the resulting photoelectric 
conversion device or module is free of the foregoing problems in the prior art 

45 FIG. 2 is a schematic cross-sectional view illustrating the constitution of an example of a solar cell module 

according to the present invention. 

In FIG. 2, reference numeral 101 indicates a photovoltaic element (or a photoelectric conversion element), 
reference numeral 102 a transparent or substantially transparent filler (this filler will be hereinafter referred to 
as surface side filler), reference numeral 103 a transparent or substantially transparent film which is positioned 

so at the outermost surface (this film will be hereinafter referred to surface protective film or surface protective 
layer), reference numeral 104 a filler on the rear side of the photovoltaic element 101 (this filler will be here- 
inafter referred to as backside filler), reference numeral 105 a back face protective film, and reference numeral 
1 06 a back face reinforcing m mb r. 

In the solar cell module shown in FIG. 2, light is impinged through the outermost surfac film 103, and th 

55 light impinged passes through the outermost surfac film 103 and filler 102 to arrive in th photovoltaic lement 
1 01. A photoelectromotive force generated in th photovoltaic element 101 is outputted through outputting t r- 
minals (not shown). 

The photovoltaic lem nt 101 comprises at least a semiconductor activ layer as a photoelectric conv r- 
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sion member disposed on an electroconductiv substrat . FIG. 3(a) is a schematic cross-sectional vi w illus- 
trating the constitution of such photovoltaic element FIG. 3(b) is a schematic plan view illustrating the light 
rec iving face of the photovoltaic ei m nt sh wn in FIG. 3(a). 

In FIGs. 3(a) and 3(b), reference numeral 200 indicat s th ntire of a photo lectric conversi n element 

5 (or a photovoltaic element), reference num ral 201 an electroconductiv substrate, ref rence num ral 202 a 
back reflecting layer, reference numeral 203 a semiconductor active layer, reference numeral 204 a transparent 
and conductive layer, reference numeral 205 a collecting electrode (or a grid electrode), reference numeral 
206a a power outputting terminal on the positive side, reference numeral 206b a power outputting terminal on 
the negative side, reference numeral 207 an electroconductive adhesive, reference numeral 208 a solder, and 

10 reference numeral 209 an insulating member. 

As apparent from FIGs. 3(a) and 3(b), the photoelectric conversion element 200 comprises the back re- 
flecting layer 202, the semiconductor active layer 203, the transparent and conductive layer 204, and the col- 
lecting electrode 205 disposed in this order on the electroconductive substrate 201, wherein the outputting 
terminal 206a is electrically connected to the collecting electrode 205 by means of the electroconductive ad- 

15 hesive 207 and it is extending from the collecting electrode while being insulated by means of the insulating 
member 209, and the outputting terminal 206b is electrically connected to the electroconductive substrate 201 
by means of the solder 208. In this configuration, the positive side power outputting terminal and the negative 
side power outputting terminal may be changed into a negative side power outputting terminal and a positive 
side power outputting terminal depending upon the constitution of the semiconductor active layer. 

20 The electroconductive substrate 201 serves not only as a substrate for the photovoltaic element and also 
as a lower electrode. As for the electroconductive substrate 201, there is no particular restriction as long as 
it has an electroconductive surface. Specifically, it may be an electroconductive member composed of a metal 
such as Ta, Mo, W, Al, Cu, Ti, or the like, or an electroconductive member composed of an alloy such as stain- 
less steel, or the like. Other than these, the electroconductive substrate may comprise a carbon sheet or a 

25 Pb-plated steel sheet Alternatively, the electroconductive substrate may be a film or sheet made of a synthetic '% 
resin or a sheet made of a ceramic. In this case, the substrate is deposited with an electroconductive film on 
the surface thereof. 

The back reflecting layer 202 disposed on the electroconductive substrate 201 may comprise a metal layer, 
a metal oxide layer, or a two-layered structure comprising a metal layer and a metal oxide layer. The metal 
30 layer may be composed of a metal such as Ti, Cr, Mo, W, Al, Ag, Ni, or the like. The metal oxide layer may Ar 
comprise any of oxides of said metals, or other metal oxide such as ZnO, Sn0 2 , or the like. 

The back reflecting layer 202 is desired to have a roughened surface in order to make incident light to be 3 
effectively utilized. r* 
The back reflecting layer 202 may be properly formed by a conventional film-forming technique such as 
35 resistant heating evaporation, electron beam evaporation, or sputtering. 

The semiconductor active layer 203 functions to conduct photoelectric conversion. The semiconductor ac- f 
tive layer may be composed of a single crystal silicon semiconductor material, a non-single crystal silicon sem- 
iconductor material such as an amorphous silicon semiconductor material or polycrystalline silicon semicon- 
ductor material, or a compound semiconductor material. In any case, the semiconductor active layer comprised 
40 of any of these semiconductor materials may be of a stacked structure with a pin junction, a pn junction or a 
shottky type junction. Specific examples of the compound semiconductor material are copper-indium-sele- 
nide, GaAs, CdS/Cu 2 S, CdS/CdTe, CdS/lnP, CdTe/Cu 2 Te, and the like. 

The semiconductor active layer comprised of any of the above mentioned semiconductor materials may 
be properly formed by a conventional film-forming technique. For instance, the non-single crystal silicon sem- 
45 (conductor active layer may be formed by a conventional chemical vapor phase growing technique such as 
plasma CVD or light-induced CVD using proper film-forming raw material gas capable of imparting silicon 
atoms such as silane gas or a conventional physical vapor phase growing technique such as sputtering using 
a Si-target The semiconductor active layer composed of a polycrystalline silicon semiconductor material may 
be formed by a conventional polycrystalline silicon film-forming manner of providing a fused silicon material 
50 and subjecting the fused silicon material to film-making processing or another conventional polycrystalline sil- 
icon film-forming manner of subjecting an amorphous silicon material to heat treatment 

The semiconductor active layer composed of any of the above mentioned compound semiconductor ma- 
terials may be properly formed by a conv ntional ion plating, ion beam deposition, vacuum vaporation, sput- 
tering, or electrolytic technique in which a pr cipitate is caused by way of el ctrolysis of a desired iectrolyte. 
55 The transparent and conductiv layer 204 functions as an upper lectrode. The transparent and conduc- 

tive layer may comprise ln 2 0 3 , Sn0 2 , ITO (InjCVSnOJ, ZnO, Ti0 2 , orCd 2 Sn0 4 . Other than this, it may comprise 
a crystalline semiconductor layer doped with an appropriat impurity with a high concentration. 

Th transparent and conductive layer constituted by any of the above mentioned materials may b properly 
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formed by a conventional r sistant h ating vaporation, el ctron beam evaporation, sputtering, sprayinq or 
CVD. 

The above describ d impurity-dop d crystallin semiconductor layer as th transparent and conductive 
layer may be prop rly formed by a conventional impurity-diffusion film-forming method. 
5 Th collecting lectrod (orth grid letrod ) 204 serves to ffectivelycoll ct an electric current generat d 

by virtue of a photoelectromotive force on the transparent and conductive layer 204. The collecting electrode 
is desired to be in the form of a comb shape. 

The collecting electrode may comprise a metal such as Ti, Cr, Mo, W, Al, Ag, Ni, Cu, Sn, or an alloy of 
these metals. Alternatively, the collecting electrode may be formed of an electroconductive paste. The elec- 
w troconductive paste can include electroconductive pastes comprising powdery Ag, Au, Cu, Ni t or carbon dis- 
persed in an appropriate binder resin. The binder resin herein can include polyester, epoxy resin, acrylic resin, 
alkyd resin, polyvinyl acetate, rubber, urethane resin, and phenol resin. 

The collecting electrode may be properly formed by a conventional sputtering using a mask pattern, re- 
sistant heating evaporation, or CVD. It may be also properly formed by a manner of depositing a metal film 
15 over the entire surface and subjecting the metal film to etching treatment to form a desired pattern, a manner 
of directly forming a grid electrode pattern by means of light-induced CVD, or a manner of forming a negative 
pattern corresponding to a grid electrode pattern and subjecting the resultant to plating treatment. The for- 
mation of the collecting electrode using the above described electroconductive paste can be conducted by sub- 
jecting the electroconductive paste to screen printing. 
20 The outputting terminals 206a and 206b serve to output an electromotive force. The outputting terminal 

206a is electrically connected to the collecting electrode 205 by means of the electroconductive paste 207 in 
FIG. 3(a). Althernatively, the electrical connection in this case may be conducted by using an appropriate con- 
necting metal body and an electroconductive paste or solder. 

The outputting terminal 206b is electrically connected to the electroconductive substrate by means of the 
25 solder 208 in FIG. 3(A). Alternatively, the electrical connection in this case may be conducted by spot welding 
or soldering an appropriate metal body such as copper tab. 

There are provided a plurality of photovoltaic elements having the above constitution, and they are inte- 
grated in series connection or in parallel connection depending upon a desired voltage or electric current. It is 
possible to dispose the integrated body on an insulating member such that a desired voltage or electric current 
30 can be obtained. 

Now, the back face protective film 105 in FIG. 2 is used for the purpose of electrically isolating the elec- 
troconductive substrate 201 of the photovoltaic element from external materials including the back face rein- 
forcing member. The back face protective film 105 is desired to be composed of a material capable of suffi- 
ciently electrically isolating the electroconductive substrate and which excels in durability, withstands a ther- 

35 mal expansion and thermal contraction, and excels in flexibility. Specific examples of such material are nylon, 
polyethylene terephthalate (PET), and the like. 

The backside filler 104 serves to ensure the adhesion between the photovoltaic element 101 and the back 
face protective film. The backside filler 104 is desired to comprise a material capable of sufficiently ensuring 
the adhesion between the electroconductive substrate of the photovoltaic element and the back face protective 

40 film and which excels in durability, withstands a thermal expansion and thermal contraction, and excels in flex- 
ibility. Specific examples of such material are hot-melt materials such as EVA (ethylene-vinyl acetate copoly- 
mer) and polyvinyl butyral, and epoxy adhesives. Other than these, double-coated tapes may be also used.. 
When the solar cell module is integrated to a roof of a building in order to use in outdoors, it is desired to use 
a material capable of being crosslinked as the backside fill in order to attain a sufficient adhesion between 

45 the electroconductive substrate of the photovoltaic element and the back face protective film so that the solar- 
cell module can endure upon repeated use at high temperature. Incidentally, EVA can be crosslinked with the 
use of an organic peroxide. 

The back face reinforcing member 106 is disposed outside the back face protective film as shown in FIG. 
2, for the purposes of improving the mechanical strength of the solar cell module and preventing the solar cell 

so module from being distorted or warped due to a change in the environmental temperature. The back face re- 
inforcing member may comprise a steel plate, a plastic plate, or a fiber-glass reinforced plastic plate (or a so- 
called FRP plate). 

In the following, d scription will b mad ofth surface sid filler 102 used in the pres nt invention. 
Th surface side filler 1 02 serves to coat th irr gulariti s at th surface of the photovoltaic el ment with 
55 a sp cif ic fluororesin and to attain a sufficient adhesion for the surface protective film. Thus, the surface side 
filler is required to exc I specially in w atherability, adhesion, and heat resistance. In order for the surfac 
sidefill rtomeetthes requirements, th surface side fill r is comprised of a fluorine-containing polymer resin 
with a fluorine cont nt of 20 wt.% to 40 wt.%. In th case of using a fluorine-containing polymer resin with a 
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fluorin content of less than 20 wt.% as the surface side filler, a sufficient weatherability is hardly attain d. 
On the other hand, in th case of using a fluorine-containing polym r r sin with a fluorine cont nt exce ding 
40 wt.% as the surface side filler, it is difficultt attain a sufficient adh sionwithth transparent and conductiv 
layer (the upper electrod ) and collecting I ctrodeofth photoel ctric conversion lement and also with the 
surface protective film disposed on th surface side filler, wher in there is a f ar that the resulting solar ceil 
module becomes poor in reliability. Particularly, in this case, a removal is liable to occur at the interface be- 
tween the surface side filler and aforesaid electrodes or at the interface between the surface side filler and 
the surface protective film upon repeated use over a long period of time, wherein moisture is liable to invade 
through such removed portion to arrive at the photovoltaic element, resulting in reducing the photoelectric con- 
verse efficiency of the photovoltaic element. Further in addition in this case, there is a problem in that heating 
at an elevated temperature of 240 °C or above is necessary upon heat-bonding such fluororesin to be the sur- 
face side filler, wherein the photovoltaic element is liable to be damaged because of such high temperature 
heating. 

In the case of using a fluorine-containing polymer resin with a fluorine content of 25 wt.% to 35 wt.% as 
the surface side filler, this fluororesin can be effectively heat-bonded at a relatively low temperature to coat 
the photovoltaic element without imparting any damage thereto, wherein the photovoltaic element is encap- 
sulated by the fluororesin with an improved adhesion and in a state excelling in weatherability. 

Specifically, the surface side filler in the present invention is principally comprised of a fluorine-containing 
polymer resin comprising a copolymer of fluoroethylene and vinyl monomer. 

Specific examples of such copolymer are those copolymers comprising chlorotri fluoroethylene and vinyl 
monomer which have the following structural formula (I): 
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wherein R, and R 2 are each an alky! group. 

The fluorine content X(F)(wt.%) can be obtained by the following equation: X(F) = (AW(F)) x N(F)/MW) x 
100, wherein AW(F) denotes the atomic weight of fluorine atom, N(F) the number of fluorine atoms per a re- 
peating unit, and MW the molecular weight of the repeating unit. 

35 The vinyl monomer as the co polymerization monomer can include vinyl ether monomer and vinyl ester- 
monomer. 

The side chain group of the vinyl ether monomer can include methyl group, ethyl group, propyl group n- 
butyl group, 2-butyl group, t-butyl group, n-hexyl group, and cyclohexyl group. Similarly, the side chain group 
of the vinyl ester monomer can include those alkyl groups mentioned in the case of the side chain group of the 
40 vinyl ether monomer. 

Incidentally, in the case of a copolymer comprising chlorotrifluoroethylene and vinyl ether monomer, it is 
known that an alternating copolymerization is occurred notwithstanding the amount of the monomer (prior to 
polymenzation) to be added. In view of this, in order to attain a desirable flexibility for the copolymer, it is ef- 
fective for the side chain group of the vinyl ether monomer to be of a long chain alkyl group of 4 or more carbon 
45 atoms or a cyclohexyl group which is large in steric hindrance. 

In order to make the copolymer to have a desirable flexibility and an improved adhesion with the photo- 
voltaic element and also with the surface protective film, it is desired that the vinyl monomer comprises vinyl 
ester monomer. 

In the present invention, in order to crosslink the foregoing fluorine-containing polymer resin (the fluoro- 
resin) as the surface side filler, an appropriate organic peroxide is used as a crosslinking agent. The cross- 
linking of the fluororesin with the organic peroxide is performed by way of drawing hydrogen atoms in the flu- 
ororesin by virtue of free radicals generated from the organic peroxide to form C-C bonds. The fluororesin thus 
crosslmked has such a structure as represented by the following structural formula (II): 
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wherein and R 2 are each an alkyl group. 

15 In order to make the organic peroxide to generate such free radicals upon crosslinking the f luororesin, the 
organic peroxide is activated by means of the thermal decomposition process, redox decomposition process, 
or ion decomposition process. Of these processes, the thermal decomposition process is the most appropriate. 

The organic peroxide usable in the present invention can include hydroperoxide, dialkyl (diallyl) peroxide, 
diacyl peroxide, peroxyketal, peroxyester, peroxycarbonate, and ketone peroxide. 

20 Specific examples of the hydroperoxide are t-butyl hydoperoxide, 1,1,3,3-tetramethylbutyl hydroperoxide, 

p-menthane hydroperoxide, cumene hydroperoxide, p-cymene hydroperoxide, diisopropy I benzene hydroper- 
oxide, 2,5-dimethylhexane-2,5-dihydroperoxide, cyclohexane hydroperoxide, and 3,3,5-trimethylhexanone 
hydroperoxide. 

Specific examples of the dialkyl (diallyl) peroxide are di-t- butyl peroxide, dicumyl peroxide, and t-butylcu- 
25 myl-ct-peroxide. 

Specific examples of the diacyl peroxide are diacetyl peroxide, dipropyonyl peroxide, diisobutyryl perox- 
ide, dioctanoyl peroxide, didecanoyl peroxide, dilauroyl peroxide, b is(3, 3, 5-tri methyl hexanoyl) peroxide, ben- 
zoyl peroxide, m-toluyl peroxide, p-chlorobenzoyl peroxide, 2,4-dichlorobenzoyl peroxide, and peroxysuccinic 
acid. 

30 Specific examples of the peroxyketal are 2,2-di-t- butyl peroxybutane, 1,1-di-t-butylperoxycyclohexane, 

1,1-di-(t-butylperoxy)-3,3,5-trimethylcyclohexane, 2,5-dimethyl-2,5-di(t-butylperoxy)hexane, 2,5-dimethyl- 
2,5-di(t-butylperoxy)hexin-3,1,3-di(t-butylperoxyisopropyl)benzene, 2,5-dimethyl-2,5-dibenzoylperoxyhex- 
ane, 2,5-dimethyl-2,5-di(peroxybenzoyl)hexin-3 t and n-butyl-4,4-bis(t-butylperoxy)valerate. 

Specific examples of the peroxyester are t-butyl peroxy acetate, t-butylperoxyiso butyl ate, t-butyl peroxy- 

35 pivalate, t-butylperoxyneodecanoate, t- butyl peroxy-3, 3, 5-tri m ethyl hexanoate, t-butylperoxy-2-ethylhexa- 
noate, (1,1,3,3-tetramethylbutylperoxy)-2-ethylhexanoate, t-butyl peroxylaurate, t-butyl peroxybenzoate, di(t- 
buty I peroxy )adipate, 2,5-dimethyl-2,5-di(peroxy-2-ethylhexanoyl)hexane, di(t-butylperoxy)isophthalate, t-bu- 
tyl peroxymalate, and acetyl cyclohexylsulfonyl peroxide. 

Specific examples of the peroxycarbonate are t-butyl peroxyiso propyl carbonate, di-n-propylperoxydicar- 

40 bonate, di-sec-butylperoxydicarbonate, d i(iso propyl peroxy)dicarbonate, di(2-ethylhexylperoxy)dicarbonate, 
di(2-ethoxyethylperoxy)dicarbonate, di(methoxy propyl peroxy)carbonate, di(3-methoxybutyl peroxy) dicarbon- 
ate, and bis-(4-t-butylcyclohexylperoxy)dicarbonate. 

Specific examples of the ketone peroxide are acetylacetone peroxide, methyl ethyl ketone peroxide, me- 
thylisobutyl ketone peroxide, and cyclohexanone peroxide. 

45 Other than these compounds, vinyltris(t-butylperoxy)silane may be also used. 

The amount of such organic peroxide as the crosslinking agent to be added to the foregoing fluorine-con- 
taining polymer resin (the fluororesin) as the filler (that is, the surface side filler) is desired to be preferably in 
the range of from 0.5 wt.% to 5 wt.%, more preferably in the range of from 1 wt.% to 3 wt.%, or most preferably 
in the range of from 1 wt.% to 2 wt%, versus the amount of the fluorine-containing polymer resin. In the case 

so where the amount of the organic peroxide added is less than 0.5 wt.%, the filler is not sufficiently crosslinked. 
In this case, the filler is liable to deform due to heat applied, wherein the filler is difficult to be maintained in 
a desired form. On the other hand, in the case where the amount of the organic peroxide added exceeds 5 
wt.%, a certain amount of not only the organic p roxide but also decomposed products thereof is liable to re- 
main in the filler, resulting in making the filler to be insufficient in t rms of heat resistance and weatherability 

55 (light resistance). 

The organic peroxide as the crosslinking ag ntmayb used together with the fluorine-containing polym r 
r sin (the fluororesin) as the filler upon thermocompression bonding the filler, wherein the filler is bond d to 
the photovoltaic element and also to the surface protective film whil being crosslinked with the organic p r- 
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oxide. Conditions of th temperature and the p riod of time for the thermocompression bonding treatment in 
this case may b properly determined d pending up nth thermodecomposition temp rature property of th 
organic peroxid used. Howev r, in g n ral, th se conditions ar properly d termin d to be such that 90% or 
more or preferably, 95% or more of the rganic p roxide in the fill r is thermally decomposed, wherein th 
5 filler is subjected to themocompression b ding to th photovoltaic el ment and to the surface protectiv film 
while being crosslinked. 

The crosslinked degree of the filler can be examined by observing the gel content of the filler. In order to 
prevent the filler from being deformed, it is desired for the filler to be crosslinked such that the gel content is 
70 wt.% or more. 

10 In order to efficiently crosslink the filler, it is desired to use a crosslinking assistant such as triarylcyanurate 

in addition to the organic peroxide as the crosslinking agent. In this case, the amount of the crosslinking as- 
sistant to be added to be in the range of from 1 wt.% to 5 wt.% versus the amount of the filler. 

Further, it is possible to incorporate an acid component into the filler. In this case, a further improvement 
is provided in the adhesion of the filler with the photovoltaic element and also with the surface protective film. 

15 The introduction of such acid component can be conducted by a manner of copolymerizing the foregoing co- 
polymer with a third component comprising an appropriate acid substance or a manner using a separate acid- 
containing resin or oligomer. In the former manner, when the foregoing fluorine-containing polymer resin (com- 
prising the foregoing copolymer) does not have a hydroxy! group in the side chain thereof, there can be used 
(metha)acrylic acid, maleic acid, f umaric acid, or oleic acid as the acid substance. And when the foregoing f lu- 

20 orine-containing polymer resin (comprising the foregoing copolymer) has a hydroxy! group in the side chain 
thereof, said acids form an acetal group with the hydroxy I group, and because of this, it is desired to use not 
such acid but an appropriate dibasic acid anhydride capable of introducing an acid component into the filler 
without causing the formation of such acetal group. Specific examples of such dibasic acid anhydride are oxalic 
anhydride, malonic anhydride, succinic anhydride, glutalic anhydride, and adipic anhydride. 

25 As the acid-containing resin in the latter manner, there can be used styrene-maleic anhydride copolymer, 
or (metha)acrylic acid-co polymerized resins. r * 
Now, FIG. 4 is a graph showing results obtained as a result of having examined the adhesion of a filler" 
comprising a crosslinked fluorine-containing polymer resin incoporated with an acid component in relation to 
the acid value of the filler, wherein a plurality of composites each having obtained by laminating a ETFE (ethy- 

30 lene-tetrafluoroethylene copolymer) film with a surface applied with corona discharging treatment to a filler • 
comprising a crosslinked fluorine-containing polymer resin incorporated with an acid component and having a 
different acid value were provided, and the adhesion between the two was examined as for each composite*- 
laminate. 

As FIG. 4 illustrates, it is understood that when the filler is of 2 or more in acid value, the adhesion thereof- 

35 with the EFTE film is markedly improved. Separately examination was made of the adhesion of the filler with c - 
a photovoltaic element. As a result, there were obtained results similar to those shown in FIG. 4. - 
FIG. 5 is a graph showing the results obtained as a result of having examined the hydroscopicity of a filler" 
comprising a fluorine-containing polymer resin in relation to the hydroxyl value of the filler, wherein a plurality 
of fillers each comprising a crosslinked fluorine-containing polymer resin obtained from a no n-crossl inked flu- 

40 orine-containing polymer resin having a different hydroxyl value were provided, each filler was exposed to an 
atmosphere of 40 °C/90%RH for a week, and the hydroscopicity of each filler was examined. As FIG. 5 illus- 
trates, it is understood that when the filler is of 50 or more in hydroxyl value, the hydroscopicity of the filler is 
markedly heightened. The reason for this is considered such that the number of urethane bonds is increased 
as the hydroxyl value exceeds 50, resulting increasing the hydroscopicity. Separately, there were prepared a 

45 plurality of solar cell modules each having a filler comprising one of those crosslinked f luororesins above de- 
scribed, and examination was made of each solar cell module with respect to the situation of occurring a short 
circuit due to the filler used by exposing the solar cell module to an atmosphere of 40 °C/90%RH for a week. 
As a result, there was obtained a finding that there is a tendency for the solar cell module having a filler com- 
prising a crosslinked fluorine-containing polymer resin obtained from a non-crossl inked fluorine-containing 

so polymer resin having a hydroxyl value of 50 or more to be poor in moisture resistance, wherein the photovoltaic 
element is liable to suffer from occurrence of a short circuit. 

Based on the above findings, it is understood that the fluororesin is desired to be 2 or more in acid value 
and less than 50 in hydroxyl value. 

The acid valu means a valu of an amount of potassium hydroxid in terms of mg which is r quir d to 

55 neutralize acid contain d in 1g of a specimen. 

The acid value in the abov was obtained by dissolving a fluorine-containing polymer r sin specimen in 
a solvent composed of benz n and thanol or a solvent composed of ether and thanol to obtain a solution, 
subjecting th solution to titration using potassium hydroxide having a predetermined activity and obs rving 
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the amount of the potassium hydroxide us dtoneutraliz thesp cim n. 

Th hydroxyl valu means a value of an amount of potassium hydroxide in terms of mg which is required 
to neutralize ac tic acid bonded to an acetylated product obtained from 1g of a specimen. 

Th hydroxyl value was obtain dinamann rofh ating a f luorine-containing polym r resin specimen to- 
g th r with acetic anhydrid as an acetylating ag nttoacetylatethespecim nth reby obtaining an ac tylated 
product, measuring a saponification value of the acetylated product, and subjecting the measured result to 
calculation using the following equation: hydroxyl value = A/(1 - 0.00075A) - B, wherein A is a saponification 
value after the acetylation, and B is a saponification value before the acetylation. 

The foregoing copolymer (that is, the fluorine-containing polymer resin) as the filler is desired to be of 
50,000 to 300,000 in molecular weight In the case where the molecular weight is less than 50,000, the resin 
is brittle. On the other hand, in the case where the molecular weight is beyond 300,000, the resin is poor in 
productivity. 

Now, in the case where a solar cell module is used under severer environmental conditions, it is desired 
to have a marked adhesion between the filler and the photovoltaic element and also between the filler and 
15 the surface protective film. 

In order for the filler to attain such adhesion, it is effective to add an appropriate silane coupling agent to 
the filler. 

Specific examples of such silane coupling agent are vinyltrichlorosilane, vinyltris(p-methoxy)silane, vinyl- 
triethoxysiiane, vinyltrimethoxysilane,y-metacryloxypropyltrimethoxysilane, p-(3,4-epoxycyclohexyl)ethyltro- 
methoxysilane, y-glycidoxypropylmethyldiethoxysilane, N-p(aminoethyl) r -aminopropyltrimethoxysiiane, N- 
p(aminoethyl)y-aminopropylmethyldimethoxysilane, y-aminopropyltriethoxysilane, N-phenyl-y-aminopropyl- 
trimethoxysilane, y-mercaptopropyltrimethoxysiiane, and y-chloropropyltrimethoxysilane. 

The filler (that is, the surface side filler) in the present invention essentially excels in weatherability. How- 
ever, in order to attain a further improved weatherability for the filler and also in order to effectively protect a 
layer situated under the filler, the filler may contain an appropriate UV absorber. As such UV absorber, there 
can be used commercially available chemical compounds usable as a UV absorber. Specifically, those chem- 
ical compounds can include salicylic acid series compounds, benzophenone series compounds, benzotriazole 
series compounds, and cyanoacrylate series compounds. 

Specific examples of such salicylic acid series compound are phenylsalicylate, p-tert-butylsalicylate, and 
30 p-octylphenylsalicylate. 

Specific examples of such benzophenone series compound are 2,4-hydroxybenzophenone, 2-hydroxy-4- 
methoxybenzophenone, 2-hydroxy-4-octoxy benzophenone, 2-hydroxy-4-dodecyloxybenzophenone, 2,2*-hy- 
droxy-4-methoxybenzophenone, 2'2'-dihydroxy-4,4'-dimethoxybenzophenone, 2-hydroxy-4-methoxy-5-sulfo- 
benzophenone, and bis(2-methoxy-4-hydroxy-5-benzophenone)methane. 
35 Specific examples of such benzotriazole series compound are 2-(2'-hydroxy-5'-methyl phenyl) benzotria- 

zole, 2-(2'-hydroxy-5 , -tert-butylphenyl)benzotriazole, 2-(2*-hydroxy-3\5'-di.tert- butyl phenyl) benzotriazole, 2- 
(^-hydroxy-S'-tert-butyl-S-methylphenyO-S-chlorobenzotriazole, 2-(2'-hydroxy-3',5 , -di.tert-butylphenyl)-5- 
chlorobenzotriazole, 2-(2'-hydroxy-3 , ,5'-di.tert-amylphenyl)benzotriazole, 2-[2*-hydroxy-3 , -(3",4",5",6"-tetra- 
hydrophthalimidomethyO-S'-methylphenylJbenzotriazole, and 2,2,-methylenebis[4-( 1,1,3, 3-tetramethylbutyl)- 
40 6-(2H-benzotriazole-2-yl)phenol]. 

Specific example of such cyanoacrylate series compound are 2-ethylhexyl-2-cyano-3,3 , -diphenylacrylate, 
and ethyl-2-cyano-3,3'-diphenylacrylate. 

Further, in order for the filler (that is, the surface side filler) to have an improved weatherability, the filler 
may contain an appropriate hindered amine series light stabilizer. Although the hindered amine series light sta- 
45 bilizer does not serve to absorb ultraviolet rays as the foregoing UV absorber does, a pronounced advantage 
is provided by using the hindered amine series light stabilizer in combination with the UV absorber. 

There are known other light stabilizers than the hindered amine series light stabilizer, but those light sta- 
bilizers are not desirable to use in the filler (that is, the surface side filler) because they are mostly colored 
and they are therefore liable to impart a negative influence of reducing the photoelectric conversion efficiency 
so of a photovoltaic element particularly in the case of a solar cell module. However, in the case of regarding as 
important not upon an improvement in the photoelectric conversion efficiency but upon wave components of 
incident light or an external appearance, such light stabilizers capable of causing coloration in the filler other 
than the hindered amine series light stabiliz r may be selectiv ly us d. 

Sp cific examples of the abov hindered amin seri s light stabilizer ar succinic acid dim thyl-1-(2-hy- 
55 droxyethyl)-4-hydroxy-2,2,6,6-tetramethylpiperidin polycond nsation product, pol y[{6-( 1,1,3, 3-tetramethyl- 
butyl)amino-1,3,5-triazine-2,4-diyl}{(2,2,6,6-zt tramethyl-4-piperidyl)imino}hexam thyl ne{(2,2,6,6-t trame- 
thyl-4-pip ridyl)imino}], N,N'-bis(3-aminopropyl)ethylenediamin .2,4-bis[N-butyl-N-(1,2,2,6,6-p ntamethyl-4- 
piperidyl)amino]-6-chloro-1,3,5-triazine polycond nsation product, bis(2,2,6,6-tetram thyl-4-piperidyl)s ba- 
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lat , and 2-(3,5-d-tert-butyl-4-hydroxybenzyl)-2-n-buty!malonicacid bis(1,2,2,6,6-pentamethy1-4-peperidy1). 

Th amount of the for going UV absorber to be added is d sired to be pr ferably in th range of 0.1 wt.% 
to 1.0 wt% versus the amount of th filter r sin. The amount of the foregoing light stabilizer to be add d is 
desired to b pr ferably in the range of 0.005 wt.% to 1 .0 wt.% versus th filler r sin. 

5 Further, the filler (that is, the surface side fill r) may contain an appropriate antioxidant in order to improve 

its heat resistance. Such antioxidant can include monophenol series antioxidant, bisphenol series antioxidant, 
high-molecular phenol series antioxidant, sulphur series antioxidant, and phosphorous series antioxidant. 

Specific examples of the monophenol series antioxidant are 2,6-di-tert-butyl-p-cresol, butytated hydrox- 
ys nisol, and 2,6-di-tert-butyl-4-ethy1phenol. 

10 Specific examples of the bisphenol series antioxidant are 2,2'-methylene-bis-(4-methyl-6-tert-butylphe- 

nol), 2,2 , -methylene-bis-(4-ethyl-6-tert-butylphenol), 4,4'-thiobis-(3-methyl-6-tert- butyl phenol), 4,4'-butyli- 
dene-bis-(3-methyt-6-tert-buty1phenol), and 3, 9-[1,1-di methyt-2-{0-(3-tert-butyl-4- hydroxy- 5-methyl phe- 
nyl )propyonyloxy} ethyl]2,4,8,10-tetraoxapyro 1 5,5 1 undecan. 

Specific examples of the high-molecular phenol series antioxidant are 1,1,3-tris-(2-methy1-4-hydroxy-5- 

15 tert-butylpheny1)butane, 1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyt-4-hydroxybenzyl)benzene, tetrakis- me- 
thylene-S-fS'.S'-di-tert-butyl^'-hydroxyphenylJpropionate methane, bis {3,3'-bis-(4-hydroxy-3'-tert-butylphe- 
nyi)butyric} acid glucoseester, 1,3,5-tris(3\5 , -di-tert-butyi-4 , -hydoxylbenzyl)-s-triazine-2,4,6-(1H,3H,5H)trion, 
and tocopherol (Vitamin E). 

Specific examples of the sulphur series antioxidant are dilaurylthiodipropionate, dimyristylthiodipropion- 

20 ate, and distearylthiopropionate. 

Specific examples of the phosphorous series antioxidant are triphenylphosphate, diphenylisodecylphos- 
phate, phenyidiisodecylphosphate, 4,4 , -butylidene-bis-(3-methyl-6-tert-butylphenyl-di-tridecyl)phosphate, cy- 
clicneopentanetetrabis(octadecylphosphate), tris(mono or di)phenylphosphate, diisodecylpentaerythritoldi- 
phosphate, 9, 1 0-dihydro-9-oxa- 1 0-phosphenanthrene-1 0-oxide, 1 0-(3,5-di-tert-butyi-4-hydroxybenzyl)-9, 1 0- 

25 dihydro-9-oxa-10-phosphenanthrene-1 0-oxide, 10-decyloxy-9,10-dihydro-9-oxa-10-phosphenanthrene, cy- % 
clicneopentanetetrabis(2,4-di-tert-butylphenyl)phosphate, cydicneopentanetetrabis(2,6-di-tert-methylphe- 
nyl)phosphate, and 2,2-methylenebis(4,6-tert-butylphenyl)octylphosphate. 

The amount of the antioxidant to be added is desired to be in the range of 0.05 wt.% to 1.0 wt.% versus 
the amount of the filler resin. 

30 With consideration of use environmental conditions for a solar cell module in which the foregoing surface 

side filler is disposed, any of the above described UV absorber, light stabilizer and antioxidant is desired to be 
low in volatility. * 
Now, in order to prevent a decrease in the quantity of incident light to be arriving in the photovoltaic element, * 
the surface side filler is desired to be substantially transparent Specifically, it is desired for the surface side c 

35 filler to have a transmittance of preferably 80% or more or more preferably 90% or more in a visible light wa- ^ 
velength region of 400 nm to 800 nm. Further, in order to facilitate external light to be readily impinged into # 
the photovoltaic element, the surface side filler is made to be such that it has a refractive index of preferably : 
1.1 to 2.0 or more preferably 1.1 to 1.6 at a temperature of 25 °C. 

Description will be made of the surface protective film. In the case of a solar cell module of the constitution 

40 shown in FIG. 2, because its surface protective film is situated at the outermost surface of the solar cell module, 
it is required to be excellent in weatherability, pollution resistance and physical strength. In addition, in the case 
where the solar cell module is used under severe environmental conditions in outdoors, the surface protective 
film is required to be such that it ensures the solar cell module to be sufficient enough in durability upon re- 
peated use over a long period of time. In view of this, the surface protective film is desired to be composed of 

45 f luororesin or acrylic resin. Of these resins, the f luororesin is the most appropriate because it excels in weath- 
erability and pollution resistance. In the most preferred embodiment, the f luororesin comprises a fluorine-con- 
taining polymer resin with a fluorine content of 40 wt% to 60 wt%. This fluorine-containing polymer resin de- 
sirably satisfies the above requirements for the surface protective film. Specific examples of such fluorine- 
containing polymer resin are polyvinyl idene fluoride resin and ethylene tetrafluoride-ethylene copolymer. 

so Polyvinylidene fluoride excels in terms of weatherability. Ethylene tetrafluoride-ethylene copolymer excels 

not only in terms of weatherability but also in terms of physical strength. 

In order to attain an improved adhesion for the surface protective film with the surface side filler, the sur- 
fac prot ctive film is desired to be subj ct dtosurfac treatment upon its lamination to th surface sid filler. 
The surface treatment in this case can includ corona discharging treatment, plasma treatment, ozone tr at- 

55 m nt, UV-ray irradiation treatment, electron beam irradiation tr atment, and flame tr atment. Of these surface 
tr atments, the corona discharging tr atment is the most appropriate. 

In the case wher the solar cell modul is of the type that is placed in utdoors, for instance, at a roof of 
a building, there is a manner of fixing the solar cell modul wh r in the solar cell module is processed to hav 
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bent fixing portions. FIGs. 6(a) and 6(b) are schematic explanatory views illustrating such solar cell module 
having bent fixing portions. In FIGs. 6(a) and 6(b), referenc numeral 901 indicates th entire of a solar cell 
module, r ferenc num ral 902 a surface protective film, referenc numeral 903 a surface sid filler, reference 
numeral 904 a photovoltaic el mentasaphoto lectricconv rsion element (or a solar cell), r fer nee numeral 
905 a back face prot ctiv film, refer nee numeral 906 a back face side filler, referenc numeral 907 a back 
face reinforcing member, and reference numeral 908 a bent portion. 

As apparent from FIGs. 6(a) and 6(b), the solar cell module 901 has opposite bent portions each being 
formed by bending the photovoltaic element-free corresponding portion of the solar cell module. 

Incidentally, it is known that an tetraf luoroethylene-ethylene copolymer film which is stretched has such 
characteristics that its drawn direction is lower in terms of breaking extension and higher in terms of breaking 
tenacity in comparison with the non-drawn direction or that the film itself is lower in terms of breaking extension 
and higher in terms of breaking tenacity in comparison with a non-drawn film composed of ethylene tetraf luor- 
ide-ethyiene copolymer. 

However, when said stretched ethylene tetraf luoride-ethylene copolymer film is used as the surface pro- 
15 tective film of a solar cell module, the film does not always attain an improvement in the reliability of the solar 
cell module. Particularly, when the tetraf luoroethylene-ethylene copolymer film is stretched, the resultant film 
is liable to be torn in the drawn direction. Because of this, the use of this stretched tetrafluoroethylene-ethylene 
copolymer film as the surface protective film conversely provides a disadvantage of reducing the reliability of 
the solar cell module. Specifically, when the stretched tetrafluoroethylene-ethylene copolymer film is used as 
20 the surface protective film and it is bent, a problem entails in that a breakage or crack is often occurred at the 
bent portion 908 (see, FIG. 6(b)). In order to avoid occurrence of such problem, it is necessary to bend the 
protective surface film at a relatively large curvature or while heating the film. 

Now, in the case of using a non-drawn film as the surface protective film, it is not necessary to bend it at 
a relatively large curvature or while being heated upon forming a bent fixing portion at a solar cell module, as 
25 long as the film has such a physical strength that the film can serve as the surface protective film in the solar 
cell module. 

In the following, description will be made of a manner of producing a photoelectric conversion module (spe- 
cifically, a solar cell module) according to the present invention using the foregoing photovoltaic element (or 
photoelectric conversion element), surface side filler resin, surface protective film, and back face protective 
30 materials. 

To coat a light receiving face of the photovoltaic element by the surface side filler may be conducted by 
(a) a manner of applying a coating liquid comprising a filler material dissolved in a solvent onto the surface of 
a photovoltaic element and vaporizing the solvent of the coating liquid applied, (b) a manner of uniformly de- 
positing a powdery filler material on the surface of a photovoltaic element and subjecting the powdery filler 
35 material deposited to heatfusion, (c) a manner of providing a heat-fused productof af iller material and applying 
the heat-fused product onto the surface of a photovoltaic element through a slit, or (d) a manner of obtaining 
a sheet of a filler material using a heat-fused product of the filler material and laminating the sheet on the sur- 
face of a photovoltaic element by way of thermocompression bonding. 

In the case of the above manner (a), if necessary, one or more of the foregoing organic peroxide, silane 
coupling agent, UV absorber, and antioxidant are firstly mixed with the solvent prior to dissolving the filler ma- 
terial therein. In this case, when the organic peroxide is used, the step of vaporizing the coating liquid applied 
is necessary to be conducted at a temperature at which the organic peroxide is not decomposed. Similarly, in- 
any of the remaining manners (b) to (d), in the case of using one or more of the foregoing organic peroxide, 
silane coupling agent, UV absorber, and antioxidant, such additive is added to the filler material prior to heat- 
fusing the filler material, wherein when the organic peroxide is used, the heatfusion is necessary to be con- 
ducted at a temperature at which the organic peroxide is not decomposed. 

FIGs. 7(a) through 7(d) are schematic views for explaining a manner of producing a solar cell module 
wherein a filler material is first applied on the surface of a photovoltaic element (or a photoelectric conversion 
element) and steps necessary to obtain the solar cell module are successively conducted. FIGs. 8(a) through 
8(d) are schematic views for explaining another manner of producing a solar cell module wherein a sheet com- 
posed of a filler material is first provided and steps necessary to obtain the solar cell module are successively 
conducted. 

In the case of the manner shown in FIGs. 7(a) through 7(d) wh rein a surface side filler 1002 is firstly 
formed on the surfac of a photovoltaic elem nt 1001, there is obtain a composite comprising a back fac side 
55 fill r material 1004, a back fac protectiv film 1005, a back face side filler material 1 006 and a back fac re- 
inforcing member 1007 being laminated in this ord ron the rear fac of the photovoltaic lement and a surfac 
protective film 1003 b ing laminated on the surfac of the surfac sid filler formed on the surfac of the pho- 
tovoltaic lement, and the resultant composit is subjected to th rmocompr ssion bonding, whereby a desir- 
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abl solar cell module can be obtained. In this manner, it is possible for the back face reinforcing memb r 1 007 
to be laminated to the back face pr t ctive film 1005 by means of ther appropriate adhesive than the back 
fac sid filler 1006. The lamination in this case may be conducted upon conducting th above thermocom- 
pressi n bonding or it may b indep nd ntly c nduct d by an appropriate lamination means. 

5 In the case of the manner shown in FIGs. 8(a) through 8(b) wherein a sheet-like surface side fill r 1102 

is used, the procedures thereof are the same as those in the manner shown in FIGs. 7(a) through 7(d) except 
for inserting the sheet between the photovoltaic element 1101 and the surface protective film 1103, wherein 
a desirable solar cell module can be obtained. 

In any case, in the case where the filler contains the foregoing organic peroxide, the thermocompression 

10 bonding is necessary to be conducted at a temperature at which the organic peroxide is sufficiently decom- 
posed. 

The thermocompression bonding can include vacuum lamination and roll lamination. 
As for the thickness of the surface side filler after the thermocompression bonding has been conducted, 
it is desired to be preferably in the range of 50 um to 1000 urn, more preferably in the range of 100 um to 500 

15 urn. Although it depends upon the constitution of a photovoltaic element used, when the thickness is less than 
50 urn, it is difficult to sufficiently coat irregularities present at the surface of the photovoltaic element or it is 
difficult to attain a desirable filler coat with no pause on the surface of the photovoltaic element. In addition, 
in this case, the effect of the surface side filler of relaxing a stress between the photovoltaic element and the 
surface protective film which is caused due to a difference between their thermal expansion coefficients is 

20 liable to become insufficient, wherein there is a fear of causing a removal at the surface protective film or the 
surface side filler. On the other hand, when the thickness exceeds 1000 um, a defect such as crack is liable 
to occur at the surface side filler layer upon the bending operation. In addition, since the surface side filler is 
comprised of the foregoing fluororesin which is costly, an increase in its amount to be used makes the resulting 
product costly. 

25 Taking these factors into consideration, the thickness of the surface side filler should be properly deter- ^ 

mined while having a due care about the properties possessed by a fluorine-containing polymer resin used as 
the surface side filler and cost performances desired for the surface side filler. 

Separately, it is possible for the filler to contain an appropriate reinforcing material such as glass fiber. The 
use of such reinforcing material is effective in improving the physical strength of the filler and in further pre- 

30 venting the photovoltaic element from being damaged. The incorporation of such reinforcing material, for in- 
stance glass fiber, into the filler may be conducted by a manner of mixing a filler resin used as the filler with 
glass fiber in advance or another manner of laminating a nonwoven glass fiber sheet to a filler sheet and sub-., 
jecting the resultant to the foregoing thermocompression bonding or appropriate processing. ^ 
FIGs. 9(a) through 9(d) are schematic view for explaining a manner of producing a solar cell module wherein , 

35 the above reinforcing material 1009 comprising a glass fiber is used. The procedures this manner are the same , 
as those in the manner shown in FIGs. 7(a) through 7(d) except for inserting a nonwoven glass fiber sheets 
1009 between the surface protective film 1003 and the surface side filler 1002, wherein a desirable solar cell 
module can be obtained. It should be noted that the reinforcing material used in this case is not limited to glass 
fiber only, but other appropriate materials capable of functioning as the glass fiber does may be selectively 

40 used. 

In the following, the present invention will be described in more detail with reference to examples which 
are not intended to restrict the scope of the present invention. 

Example 1 

45 

1 . Preparation of photoelectric conversion element (solar cell): 

There were prepared a plurality of solar cells each having the configuration shown in FIGs. 3(a) and 3(b) 
and which has a semiconductor active layer composed of an amorphous silicon material (that is, a-Si material) 

so (this solar cell will be hereinafter referred to as a-Si solar cell) in the following manner. 

That is, there was firstly provided a well-cleaned stainless steel plate as the substrate 201. On the sub- 
strate, there was formed a two-layered back reflecting layer 202 comprising a 5000 A thick Al film/a 5000 A 
thick ZnO film by means of the conventional sputtering manner, followed by forming, on the back reflecting 
lay r 202, a tandem type a-Si photoelectric conversion s miconductor layer comprising a 150 A thick n-typ 

55 lay r/a 4000 A thick i-type layer/a 100 A thick p-type lay r/a 100 A thick n-type lay r/a 800 A thick i- type layer/a 
1 00 A thick p-type layer being laminat d in this order from th substrate side as the semiconductor activ layer 
203 by means of the conventional plasma CVD manner. Then, on th semiconductor active layer 203, there 
was formed a 700 A thick transparent and conductiv lay r 204 compos d of ln 2 0 3 by means of the conven- 
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tional heat resistanc vaporation mann r wherein an In source was vaporated in an 0 2 atmospher . Suc- 
cessively, an Ag-past comprising powdery Ag dispers d in polyester resin (trademark name: Ag-paste No. 
5007, produc d by Du pont Company) was screen-printed on the transparent and conductive layer 204, fol- 
low d by drying, to thereby form a grid el ctrode as the collecting lectrod 205. As for the resultant, a copper 
5 tub as the negative side power outputting terminal 206b was fix d to th substrat 201 using a stainless solder 
208, and a tin foil tape as the positive side power outputting terminal 206a was fixed to the collecting electrode 
205 using an electroconductive adhesive 207. Thus, there was obtained an a-Si solar cell. In this way, there 
were obtained a plurality of a-Si solar cells. 

10 2. Preparation of module: 

Using each of the a-Si solar cells obtained in the above 1 , there were prepared a plurality of solar cell mod- 
ules each having the configuration shown in FIG. 10 in the following manner. 

In FIG. 10, reference numeral 301 indicates a photoelectric conversion element (corresponding to the fore- 

15 going a-Si solar cell in this case), reference numeral 302 a surfaceside filler, reference numeral 303 a surface 
protective film, reference numeral 304 a back face filler, reference numeral 305 a back face protective film, 
reference numeral 306 a back face reinforcing member, reference numeral 307a a positive side power output- 
ting terminal (corresponding to the foregoing power outputting terminal 206a), reference numeral 307b a neg- 
ative side power outputting terminal (corresponding to the foregoing power outputting terminal 206b), and ref- 

20 erence numeral 308 a pair of wiring holes each for one of the power outputting terminals 307a and 307b. Each 
power outputting hole is penetrated through the back face constituents from the back face reinforcing member 
306 such that it reaches the corresponding power outputting terminal. The solar cell module shown in FIG. 10 
has opposite bent portions each having formed by a solar cell-free side end portion thereof for the purposes 
of facilitating the strength of the solar cell module and enabling to easily place the solar cell module at a roof 

25 of a building. 

Formation of surface side filler: 

There was firstly prepared a filler material usable as the surface side filler in the following manner. 
30 There was provided chlorotrif luoroetylene-vinyl ether copolymer resin having the following general struc- 

tural formula (III) (trademark name : LUMIFLON LF400 (fluorine content: 30 wt.%, acid value: 2 mg KOH/g, 
hydroxy! value: 48 mg KOH/g), produced by Asahi Glass Co., Ltd.). 
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(wherein R is an alkyl group) 
100 parts by weight of the above copolymer resin, 3 parts by weight of dicuminyl peroxide as acrosslinking 
50 agent, 2 parts by weight of triallylcyanulate as a crosslinking assistant, 0.3 part by weight of y-methacryloxy- 
propyltrimethoxysilane as a coupling agent (trademark name: S26030, produced by Toray Dow Corning Sili- 
cone Company), 0.3 part by weight of 2-hydroxy-4-n-octoxybenzophenone as a UV absorber (trademark name: 
CYASORB UV-531, produced by American Cyanamid Company), and 0.2 part by weight of tris(mono- 
nonylpheny1)phosphat as an antioxidant (trademark name: NOUGARD P, produced by Uniroyal Ch mical 
55 Company, Inc.) wer introduc d into xylene whil stirring, wh r by a xyl n solution with a resin content of 
50 wt.% was obtain d. 

The resultant xylene solution was appli d onto th light rec iving face of the solar cell 301 in an amount 
to provide a thickn ss of about 200 u.m wh n dri d, follow d by rep tition of a drying process at 60 °C for 30 
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minutes, whereby an about 200 nm thick fill r layer 302 was formed n the light receiving face of th solar 
cell. 

Preparation of solar cell module: 

5 

There was provided a 50 *im thick nondrawn ETFE film (trademark name: AFLEX, produced by Asahi Glass 
Co. t Ltd.). The ETFE film was subjected to corona discharging treatment whereby one of the opposite faces 
thereof was treated by the corona discharging, followed by superposing the ETFE film as the surface protective 
film 303 through its corona-discharged face to the surface of the filler layer 302. On the rear face of the re- 
10 sultant, there were laminated a 460 jim thick EVA film 304 (produced by Mobay Company), a 63.5 urn thick 
nylon film 305 (trademark name: DARTEK, produced by Du Pont Company), and a galvalume steel member 
(or a Zn-coated steel member) 306 in this order. The stacked body thus obtained was placed in a vacuum ves- 
sel, wherein it was subjected to heat treatment at 160 °C for 30 minutes while evacuating the inside of the 
vacuum vessel to a predetermined vacuum degree, followed by cooling to room temperature. 
is In the above, the power outputting terminal 307a was extended to the rear side of the solar cell so that 
not only the power outputting terminal 307b but also the power outputting terminal 307a could be wired to the 
outside through the wiring holes 308. 

Thus, there was obtained a solar cell module. The solar cell-free opposite side portions of the solar cell 
module thus obtained were bent at a curvature of 90° for the purposes of improving the strength of the solar 
20 cell module and making the solar cell module to be easily placed at a roof of a building. 

In this way, there were obtained a plurality of solar cell modules each having opposite bent portions. 

Evaluation 

25 Using the resultant solar cell modules, evaluation was conducted with respect to (1) initial photoelectric 

conversion efficiency, (2) weatherability, (3) heat resistance, (4) endurance against changes in environmental 
temperature, (5) endurance against changes in environmental temperature and humidity, (6) moisture resis- 
tance, and (7) resistance to scratching. 

The evaluated results obtained are collectively shown in Table 1. 

30 As for the fluorine content of the filler layer 302, it was obtained by a manner of subjecting a specimen of 
the filler layer to emission X-rays analysis wherein the specimen was irradiated with electron beam, and cal- 
culating an actual fluorine content based on the resultant X-ray intensity corresponding to fluorine. Further, a 
specimen of the filler layer was subjected to extraction using xylene, wherein a nongel component thereof was 
extracted, wherein a gel component was remained as a residue. And the gel content thereof was calculated 

35 based the residual gel component obtained. These results are also collectively shown in Table 1. 

The evaluation of each of the above evaluation items (1) to (7) was conducted in the following manner. 

(1) Evaluation of the initial photoelectric conversion efficiency: 

40 The solar cell module was subjected to measurement with respect to its initial photoelectric conversion 
efficiency by means of a solar simulator (trademark name: SPI-SUN SIMULATOR 240A (AM 1.5), produced 
by SPIRE Company). The resultant value shown in Table 1 is a value relative to the initial photoelectric con- 
version efficiency obtained in Comparative Example 1 which will be later described, which was set at 1. 

45 (2) Evaluation of the weatherability: 

The solar cell module was placed in a carbon-arc sunshine weather meter, wherein it was irradiated with 
pseudo sunlight for 5000 hours under conditions of alternately repeating a cycle of maintaining at a black panel 
temperature of 63 °C for 1 08 minutes and a cycle of pure water fall for 12 minutes. Thereafter, its exterior ap- 
50 pearance was observed. The observed result shown by a markOin Table 1 indicates the case where no change 
was observed for the exterior appearance. As for the case with a change in the exterior appearance, comments 
are described in Table 1. 

(3) Evaluation of the heat resistance: 

55 

The solar cell module was exposed to an atmospher of 150 °C for 24 hours, and th reafter, its xterior 
appearance was obs rved. The observ d r suit shown by a markOin Table 1 indicates th cas wher no 
change was observed for the xterior app arance. As for th cas with a change in the xterior appearance, 
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comm ntsar describ dinTabl 1. 

After the test, the solar cell modul was evaluat d with r spect to its photoelectric conv rsion efficiency 
The evaluat d result shown in Table 1 is a relative r duction proportion value to its initial photoelectric con- 
version efficiency. 

(4) Evaluation of the endurance against changes in environmental temperature: 

The solar cell module was subjected to alternate repetition of a cycle of exposing to an atmosphere of 

- 40 °C for an hour and a cycle of exposing to an atmosphere of 90 °C for an hour 50 times, and thereafter 
its exterior appearance was observed. The observed result shown by a markOin Table 1 indicates the case 
where no change was observed for the exterior appearance. As for the case with a change in the exterior ap- 
pearance, comments are described in Table 1. 

(5) Evaluation of the endurance against changes in environmental temperature and humidity: 

The solar cell module was subjected to alternate repetition of a cycle of exposing to an atmosphere of 

- 40 °C for an hour and a cycle of exposing to an atmosphere of 80 °C/85 %RH for 4 hours 50 times, and there- 
after, its exterior appearance was observed. The observed result shown by a markOin Table 1 indicates the 
case where no change was observed for the exterior appearance. As for the case with a change in the exterior 

20 appearance, comments are described in Table 1 . 

(6) Evaluation of the moisture resistance: 

The solar cell module was placed in a solar simulator (trademark name: YSS-1 50, produced by Ushio Inc ) 
25 wherein it was exposed to an atmosphere of 85 °C/85 %RH for 24 hours while irradiating pseudo sunlight there^ 
to, and thereafter, its photoelectric conversion efficiency was evaluated. 

The evaluated result shown in Table 1 is a relative reduction proportion value to its initial photoelectric con- 
version efficiency. 

30 (7) Evaluation of the resistance to scratching: 

This evaluation was conducted in the following manner. That is, the solar cell module was subjected to 
surface treatment in a manner shown in FIG. 11, wherein a 1 mm thick carbon steel plate 1302 was contacted 
through a corner thereof to a irregularities-bearing portion of the surface 1301 of the solar cell module, and 
the carbon steel plate was then pulled in a direction indicated by an arrow 1 304 while applying a load (F) 1303 
of 2 pounds to the carbon steel plate to form a scratch 1305. Then the solar cell module thus treated was eval- 
uated of whether or not its scratched portion of the surface coat is still insulative in isolating the photovoltaic 
element from the outside. This evaluation was conducted by immersing the treated solar cell module in an 
electrolytic solution of 3000 n.cm, and applying a voltage of 2200 V between the photovoltaic element of the 
solar cell module and the electrolytic solution to observe a leakage current occurred. The evaluated result is 
shown in Table 1 based on the following criteria. 

O: the case where the leakage current is 50 ^A or less, and 
X : the case where the leakage current beyond 50 \xA. 

45 Example 2 

There were prepared a plurality of solar cell modules each having the configuration shown in FIGs 12(a) 
and 12 (b). 

The configuration shown in FIGs. 12(a) and 12(b) is a partial modification of the configuration shown in 
FIG. 10, wherein a surface side filler indicated by reference numeral 412 is extended to opposite sides while 
covering the surface of the photoelectric conversion element (the solar cell) 301 and on the surface of the sur- 
face side filler, a surface protective film 413 is laminated. Reference numeral 411 indicates a composite lam- 
inate compnsing the surface protective film 413 laminated on th surface side filler 412. FIG. 12(b) is a sche- 
matic cross-sectional view for explaining th situation in that th surface protective film 41 3 has a surfac 414 
appl. d with corona discharging treatment and th surfac protectiv film 413 is laminat d on the surface of 
th surface sid filler 412 through said corona-discharg d surfac 414. 
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1 . Preparation of photoelectric conversion element (solar cell); 

There were prepared a plurality of a-Si solar cells in th same manner as in Example 1. 

2. Preparation of module: 

Using each of the a-Si solar cells obtained in the above, there were prepared a plurality of solarcell modules 
each having the configuration shown in FIGs. 12(a) and 12(b) in the following manner. 

Formation of surface side filler 

The formation of a surface side filler 412 on the a-Si solar cell was conducted by using a composite lam- 
inate obtained by providing a nondrawn ETFE film of 50 urn in thickness (trademark name: AFLEX, produced 
by Asahi Glass Co., Ltd.) having a surface 414 applied with corona discharging treatment and applying, on 
the corona-discharged surface of the ETFE film, a fused product of chlorotrif luoroethyiene-vinyl ether copo- 
lymer resin having the foregoing general structural formula (III) (trademark name : LUMIFLON LF400 (fluorine 
content: 30 wt.%, acid value: 2 mg KOH/g, hydroxyl value: 48 mg KOH/g), produced by Asahi Glass Co., Ltd.) 
which is the same as the fluororesin used in Example 1. 

Particularly, 100 parts by weight of aforesaid copolymer resin, 3 parts by weight of 2,5-dimethyi-2,5-bis(t- 
butylperoxy)hexan (trademark name: LUPERSOL 101 , produced by Atochem Yoshitomi, Ltd.) as a crosslinking 
agent, 2 parts by weight of triallylcyanulate as a crosslinking assistant, 0.3 part by weight of -methacryloxy- 
propyltrimethoxysilane as a coupling agent (trademark name: S26030, produced by Toray Dow Corning Sili- 
cone Company), 0.3 part by weight of 2-(2-hydroxy-5-t-octoxyphenyl)benzotriazole as a UV absorber (trade- 
mark name: CYASORB UV-5441, produced by American Cyanamid Company), and 0.1 part by weight of 
bis(2,2,6,6-tetramethyl-4-piperidy1)sebacate as a light stabilizer (trademark name: TINUVIN 770, produced by < 
Ciba-Geigy Company), and 0.2 part by weight of tris(mono-nonylphenyl)phosphate as an antioxidant (trade- 
mark name: NAUGARD P, produced by Uniroyal Chemical Company, Inc.) were mixed, followed by subjecting 
heat fusion at 100 °C to obtain a fused product. The fused product thus obtained was applied onto the corona- 
discharged surface of the above described ETFE film using a die coater, whereby a composite laminate 411 
comprising a filler layer 412/a surface protective ETFE film 413. 

Preparation of solar cell module: 

The procedures of preparing the solar cell module in Example 1 were repeated, except that the composite 1 
laminate 411 obtained in the above was superposed through the filler layer side on the light receiving face of 
the foregoing solar cell, to thereby obtain a solar cell module. >: 

In this way, there were obtained a plurality of solar cell modules each having opposite bent portions. 

Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Ex- 
ample 1. 

The evaluated results obtained are collectively shown in Table 1. 
Example 3 

There were prepared a plurality of solar cell modules by repeating the procedures of Example 1, except 
for replacing the fluororesin used as the surface side filler in Example 1 by clorotrifluoroethylene-vinyl ester 
copolymer resin having the following general structural formula (IV) (trademark name : ZAFLON FC-110 (flu- 
orine content: 25 wt.%, acid value: 3 mg KOH/g, hydroxyl value: 44 mg KOH/g), produced by Toagosei Chemical 
Industry Co., Ltd.). 
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is (wherein R is an alkyl group) 

Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as In Ex- 
ample 1. 

The evaluated results obtained are collectively shown in Table 1. 
20 Example 4 

There were prepared a plurality of solar cell modules by repeating the procedures of Example 1, except 
for replacing the f luororesin used as the surface side filler in Example 1 by clorotrif luoroethylene-vinyl copo- 
lymer resin having the following general structural formula (V) (trademark name : CEFRALCOAT A-100 (flu- 
25 orine content: 25 wt%, acid value: 0 mg KOH/g, hydroxyl value: 58 mg KOH/g), produced by Central Glass 
Co., Ltd.). 
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40 (wherein R is an aikyi radical) 

Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Ex- 
ample 1. 

The evaluated results obtained are collectively shown in Table 1. 
45 Example 5 

There were prepared a plurality of solar cell modules by repeating the procedures of Example 1, except 
for replacing the fluororesin used as the surface side filler in Example 1 by clorotrif I uoroethylene-vinylester 
copolymer resin (trademark name : ZAFLON FC-220 (fluorine content: 25 wt.%, acid value: 3 mg KOH/g, hy- 
so droxyl value: 53 mg KOH/g), produced by Toagosei Chemical Industry Co., Ltd.). 

Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Ex- 
ample 1. 

The evaluated results obtained are collectively shown in Tabl 1. 
55 Exampl 6 

The procedur s of Example 2 w r repeated, xc pt that no si Ian coupling agent was us d upon forming 
the surface side filler, to th reby obtain a plurality of solar cell modul s. 
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Using the resultant solar cell modul s, evaluation was conduct d in th same evaluation manner as in Ex- 
ampl 1. 

The evaluated results obtained ar collectively shown in Table 1. 
5 Example 7 

The procedures of Example 2 were repeated, except that neither the crosslinking agent nor the crosslinking 
assistant were used upon forming the surface side filler, to thereby obtain a plurality of solar cell modules. 
Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Ex- 
10 ample 1. 

The evaluated results obtained are collectively shown in Table 1. 
Example 8 

The procedures of Example 2 were repeated, except that the amount of the crosslinking agent used upon 
forming the surface side filler was changed to 10 parts by weight, to thereby obtain a plurality of solar cell mod- 
ules. 

Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Ex- 
ample 1. 

The evaluated results obtained are collectively shown in Table 1. 
Example 9 

There were prepared a plurality of solar cell modules by repeating the procedures of Example 1, except 
25 for replacing the f luororesin used as the surface side filler in Example 1 by bromotrif luoroethylene-vinyl ether 
copolymer resin having the following general structural formula (VI) (fluorine content: 24 wt%, acid value: 2 
mg KOH/g, hydroxyl value: 48 mg KOH/g). 
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(wherein R is an alkyl radical) 

Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Ex- 
ample 1. 

The evaluated results obtained are collectively shown in Table 1. 
Example 10 



The procedures of Example 2 were repeated, except that neither UV absorber nor light stabilizer were used 
upon forming the surface side filler, to thereby obtain a plurality of solar cell modules. 
so Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Ex- 

ample 1. 

The evaluated results obtained are collectively shown in Table 1. 



Exampl 11 

The procedur s of Exampl 2 w re repeated, xc pt that the surface protective film was formed using 
polyvinylidene fluoride, to thereby obtain a plurality of solar cell modules. 

Using the resultant solar cell modules, valuation was conduct d in the same evaluation manner as in Ex- 
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ampl 1. 

The- valuated results obtained ar collectiv ly shown in Tabl 1. 
Example 12 

5 

The procedures of Example 2 were repeated, except that the surface protective film was formed using 
acrylic resin, to thereby obtain a plurality of solar cell modules. 

Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Ex- 
ample 1. 

10 The evaluated results obtained are collectively shown in Table 1. 
Comparative Example 1 

There were prepared a plurality of solar cell modules each having the configuration shown in FIG. 13 by 
15 repeating the procedures of Example 1 , except that the surface side filler was formed using EVA. 

The configuration of the solar cell module shown in FIG. 13 is similar to that of the solar cell module shown 
in FIGs. 12(a) and 12(b), wherein in the former, a surface side filler 502 (a) and a back face side filler 502b 
are formed of the same material. Reference numeral 503 in FIG. 13 indicates a surface protective film. 

Particularly, a 460 \im thick EVA (ethylene-vinyl acetate copolmer) film 502a (produced by Mobay Com- 
20 pany) was laminated on the light receiving face of the a-Si solar cell, and a 50 urn thick nondrawn ETFE film 
503 (trademark name: AFLEX, produced by Asahi Glass Co., Ltd.) having a surface applied with corona dis- 
charging treatment was laminated through the corona-discharged surface on the surface of the EVA sheet. 
On the rear face of the resultant, there were laminated a 460 urn thick EVA film 502b (produced by Mobay Com- 
pany), a 63.5 ^im thick nylon film 305 (trademark name: DARTEK, produced by Du Pont Company) r and a gal- 
25 valume steel member (or a Zn-coated steel member) 306 in this order. The stacked body thus obtained was 
placed in a vacuum vessel, wherein it was subjected to heat treatment at 1 60 °C for 30 minutes while evacuating 
the inside of the vacuum vessel to a predetermined vacuum degree, followed by cooling to room temperature. 

In the above, the power outputting terminal 307a was extended to the rear side of the solar cell so that 
not only the power outputting terminal 307b but also the power outputting terminal 307a could be wired to the 
30 outside through the wiring holes 308. 

Thus, there was obtained a solar cell module. The solar cell-free opposite side portions of the solar cell 
module thus obtained were bent at a curvature of 90° for the purposes of improving the strength of the solar 
cell module and making the solar cell module to be easily placed at a roof of a building. 

In this way, there were obtained a plurality of solar cell modules each having opposite bent portions. 
35 Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Ex- 

ample 1. 

The evaluated results obtained are collectively shown in Table 1. 
Comparative Example 2 

40 

The procedures of Comparative Example 1 were repeated, except that the EVA film as the surface side 
filler was replaced by a 400 thick acid-modified EVA film (trademark name: DU MILAN F-100, produced 
by Takeda Chemical Industries, Ltd.), to thereby obtain a plurality of solar cell modules. 

Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Ex- 
45 ample 1 . 

The evaluated results obtained are collectively shown in Table 1. 
Comparative Example 3 

so The procedures of Comparative Example 1 were repeated, except that both the surface side filler and back 

face side filler were formed using an EMA(ethylenemethylacrylate copolmer)film (trademark name: KURANB- 
ETER VT SHEET, produced by Kurabo Industries, Ltd.), to thereby obtain a plurality of solar cell modules. 

Using the resultant solar cell modul s, evaluation was conducted in th sam evaluation manner as in Ex- 
ample 1. 

55 Theevaluat dr suits obtained ar collectiv ly shown in Table 1 . 
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Comparativ ExampI 4 

The procedures of ExampI 1 wer r peated, exc pt that as the crosslinking agent upon forming the sur- 
face sid filler, block d isocyanate was used in such an amount that the NCO value of the isocyanate became 
5 qual to the OH valu of the fluororesin and no crosslinking assistant was used, to thereby obtain a plurality 
of solar cell modules. 

Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Ex- 
ample 1. 

The evaluated results obtained are collectively shown in Table 1. 

10 

Comparative Example 5 

There were prepared a plurality of solar cell modules by repeating the procedures of Example 1, except 
for replacing the fluororesin used as the surface side filler in Example 1 by tetraf luoroethyl en e- vinyl ether co- 
15 polymer resin having the following general structural formula (VII) (fluorine content: 44 wt.%, acid value: 2 mg 
KOH/g, hydroxyl value: 48 mg KOH/g). 
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(wherein R is an alkyl group) 

30 

Comparative Example 6 

There were prepared a plurality of solar cell modules each having the configuration shown in FIG. 14. 

In FIG. 14, reference numeral 301 indicates a photovoltaic element, 1202 a surface protective film, refer- 
35 ence numerals 1203 and 1205 each an adhesive, reference numeral 1204 a back face protective film, reference 
numeral 306 a back face reinforcing member, reference numerals 307a and 307b each a power outputting ter- 
minal, and reference numeral 308 a wiring hole for each outputting terminal. The configuration shown in FIG. 
14 has opposite externally extended, photovoltaic element-free portions each comprising a composite laminate 
comprising the surface protective film 1 202 laminated on the back face reinforcing member. Each of the wiring 
40 holes 308 is penetrated through the back face members to reach the corresponding power outputting terminal. 

Firstly, there was prepared an a-Si solar cell by repeating the procedures of preparing the solar cell in in 
Example 1 . 

Using the a-Si solar cell obtained in the above, there was prepared a solar cell module in the following 
manner. 

45 That is, a nylon film 1204 was bonded onto the rear face of the photovoltaic element 301 of the solar cell 
by using an epoxy adhesive 1203, and a galvalume steel member 306 was bonded onto the surface of the 
nylon film by using an epoxy adhesive 306. In this case, the power outputting terminal 307a was extended to 
the rear side of the photoelectric conversion element so that not only the power outputting terminal 307b but 
also the power outputting terminal 307a could be wired to the outside through the wiring holes 308 penetrated 

so from the back face reinforcing member side. 

Successively, 100 parts by weight of clorotrif luoroethyl ene- vinyl ether copolymer resin having the forego- 
ing general structural formula (III) (trademark name : LUMIFLON LF-400 (fluorine content: 30 wt.%, acid value: 
2 mg KOH/g, hydroxyl value: 48 mg KOH/g), produced by Asahi Glass Co., Ltd.) (which was us d in Example 
1), 0.3 part by weight of y-methacryloxypropyltrimethoxysilane as a coupling agent (trad mark name: SZ6030, 

55 produced by Toray Dow Corning Silicone Company), 0.3 part by w ight of 2-hydroxy-4-n-octoxybenzophenone 
as a UV absorber (trademark name: CYASORB UV-531 , produced by American Cyanamid Company), and 0.2 
part by w ight of tris(mono-nonylphenyl)phosphat as an antioxidant (trademark name: NOUGARD P, pro- 
duced by Uniroyal Chemical C mpany, Inc.) were introduced into xylene whil stirring, followed by adding 
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block d isocyanat as a cnosslinking agent (which was us d in Comparativ Example 4) without using any 
crossl inking assistant wherein the isocyanate was add d in such an amount that the NCO valu thereof became 
equal to th OH valu of the f luororesin, whereby a xylene solution with a resin content of 50 wt.% was obtained. 

The resultant xylene solution was appli d not nly onto the light receiving fac of the photovoltaic lement 
5 301 but also onto the surfac of the back face r inforcing m mber 306 in an amount to provid a thickness of 
about 220 urn when dried, followed by repetition of a drying process at 60 °C for 30 minutes, whereby forming 
an about 220 urn resin layer. This resin layer was successively cured at 160 °C for 30 minutes, whereby a sur- 
face protective layer 1202 composed of the fluororesin was formed not only on the photoelectric conversion 
element 301 but also on the the back face reinforcing member 306. 
10 Thus, there was obtained a solar cell module. The solar cell-free opposite side portions of this module were 
bent at a curvature of 90°. 

In this way, there were obtained a plurality of solar cell modules each having opposite bent portions. 

Using the resultant solar modules, evaluation was conducted in the same evaluation manner as in Example 

1. 

15 The evaluated results obtained are collectively shown in Table 1. 

From the results shown in Table 1, the following facts are understood. 

That is, any of the solar cell modules obtained in Examples 1 to 12 belonging to the present invention are 
apparently surpassing the solar cell modules obtained in Comparative Examples 1 to 5 in terms of a reduction 
in the initial photoelectric conversion efficiency after having been exposed to severer environmental condi- 
20 tions. As for the solar cell module obtained in Comparative Example 6, although it is similar to those obtained 
in Examples 1 to 12, it is apparently inferior in terms of weatherability and resistance to scratching. 

More detailed description will be made of this situation. 

Any of the solar cell modules each having a surface side filler comprising a specific fluororesin (that is, 
chlorotrifluoroethylene-vinyl copolymer) and a crosslinking agent obtained in Examples 1 to 3 is completely 

25 free of occurrence of yellowing, clouding and deformation for the surface side filler even upon continuous ex- 
posure to severe environmental conditions over a long period of time and markedly excels in heat resistance 
and weatherability. And as the results shown in Table 1 illustrate, these solar cells are never changed in terms 
of external appearance even when they are continuously exposed to frequent changes in the environmental 
temperature or to frequent changes in the environmental temperature and humidity. Particularly, in comparison 

30 with the solar cell modules each having a surface side filler comprising a conventional thermoplastic and trans- 
parent resin used as the surface side filler in a conventional solar cell module, i.e., EVA or EMA, obtained in 
Comparative Examples 1 to 3, any of the solar cell modules obtained in Examples 1 to 3 is markedly surpassing 
said comparative solar cell modules especially in terms of moisture resistance, wherein after having been con- 
tinuously exposed to irradiation of sunlight in a severer atmosphere of 85°C/85%RH over a long period of time, 

35 any of the solar cell modules obtained in Examples 1 to 3 is extremely slight in terms of a reduction in the initial 
photoelectric conversion efficiency, however the solar cell modules obtained in Comparative Examples 1 to 3 
are significant in terms of a reduction in the initial photoelectric conversion efficiency. 

In the case of the solar cell module having a surface side filler comprising chlorotrifluoroethylene-vinyl 
copolymer resin of 0 mg in acid value and 58 mg in hydroxy! value obtained in Example 4, there is a tendency 

40 of causing an extremely slight removal at the interface between the surface side filler and the surface protec- 
tive layer upon continuous exposure to frequent changes in the environmental temperature and humidity over 
a long period of time because the copolymer resin is of an acid value of 0 mg. However, as apparent from the 
results shown in Table 1 , the solar cell module excels in weatherability and heat resistance, it is extremely slight 
in terms of a reduction in the initial photoelectric conversion efficiency after having been continuously exposed 

45 to irradiation of sunlight in a severer atmosphere of 85°C/85%RH over a long period of time although it is slightly 
inferior to the solar cell modules obtained in Examples 1 to 3, and it is apparently surpassing the solar cell mod- 
ules obtained in Comparative Examples 1 to 5. 

In the case of the solar cell module having a surface side filler comprising chlorotrifluoroethylene-vinyl 
ester copolymer resin of 3 mg in acid value and 53 mg in hydroxyl value obtained in Example 5, it is slightly 

50 inferior to the solar cell modules obtained in Examples 1 to 3 in terms of moisture resistance wherein it has a 
tendency of causing a slight reduction in the initial photoelectric conversion efficiency after having been con- 
tinuously exposed to irradiation of sunlight in a severer atmosphere of 85°C/85%RH over a long period of time 
because the copolym r resin used as the surface sid filler thereof is of a hydroxyl valu of 53 mg. However, 
it excels in weatherability and heat resistance, and is apparently surpassing th solar c II modules obtained 

55 in Comparative Exampl s 1 to 5. 

In the case of th solar cell module having a surfac side filler formed in the sam manner as in Exampl 
2 xceptfor not using any silan coupling ag nt obtain d in Example 6, although ther is at ndency of slightly 
reducing th adhesion of the surfac side filler with th element, it excels in weatherability, heat resistanc , 
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and moistur resistance. And it is apparently surpassing the solar cell modules obtained in Comparative Ex- 
amples 1 to 5, In the cas of th solar cell modul having a surface sid fill r formed in the same manner as 
in Example 2 xcept for using neither the crosslinking agent nor the crosslinking assistance obtain d in Ex- 
ample 7, although the surface side filler has a tendency of being slightly d formed upon xposur to elevated 

5 temp ratur vera long p riod of time f the solar cell module xcelsinw atherability, and satisfactory in mois- 
ture resistance although it is slightly inferior to the solar cell module obtained in Example 2. And it is apparently 
surpassing the solar cell modules obtained in Comparative Examples 1 to 5. 

In the case of the solar cell module having a surface side filler formed in the same manner as in Example 
2 except for using the crosslinking agent in an excessive amount obtained in Example 8, although it is slightly 

10 inferior to the solar cell module obtained in Example 2 in terms of heat resistance and moisture resistance, it 
is apparently surpassing the solar cell modules obtained in Comparative Examples 1 to 5. 

In the case of the solar cell module having a surface side filler formed in the same manner as in Example 

1 except for using a different f luororesin, i.e., bromotrifluoroethylene-vinyl ether copolymer resin, obtained in 
Example 9, there is a tendency of causing an extremely slight removal at the interface between the surface 

15 side filler and the surface protective film upon continuous exposure to frequent changes in the environmental 
temperature and humidity over a long period of time because the copolymer resin is relatively inferior in terms 
of flexibility. However, as apparent from the results shown in Table 1, although the solar cell module is slightly 
inferior to the solar cell module obtained in Example 1 in termes of heat resistance and moisture resistance, 
it excels in weatherability and is satisfactory in heat resistance and moisture resistance, and it is apparently 

20 surpassing the solar cell modules obtained in Comparative Examples 1 to 5. 

In the case of the solar cell module having a surface side filler formed in the same manner as in Example 

2 except for using neither the UV absorber nor the light stabilizer obtained in Example 10, although it is slightly 
inferior to the solar cell module obtained in Example 2 in terms of moisture resistance, it excels in weatherability 
and heat resistance and is satisfactory in moisture resistance, and is apparently surpassing the solar cell mod- 

25 ules obtained in Comparative Examples 1 to 5. ^ <~ 

In the case of the solar cell module obtained in Example 11, having a surface side filler formed in the same 
manner as in Example 2 and wherein the surface protective film is comprised of polyvinylidene fluoride, it is- ? 
slightly inferior to the solar cell module obtained in Example 2 in terms of initial photoelectric conversion eff i- i 
ciency and also in terms of moisture resistance because of the surface protective film which is relatively inferior 

30 in transparency. However the solar cell module itself excels in weatherability and heat resistance and is sat- 
isfactory in moisture resistance, and is apparently surpassing the solar cell modules obtained in Comparative 
Examples 1 to 5. 

In the case of the solar cell module obtained in Example 12, having a surface side filler formed in the same * 
manner as in Example 2 and wherein the surface protective film is comprised of acrylic resin, it is inferior to 
35 the solar cell module obtained in Example 2 in terms of weatherability because of the surface protective f ilm* 

comprised of acrylic resin which is relatively inferior in weatherability. The solar cell module itself excels in: : 
weatherability and heat resistance and is satisfactory in moisture resistance, and it is apparently surpassing 
the solar cell modules obtained in Comparative Examples 1 to 5. 

In the case of the solar cell module having a surface side filler comprised of EVA obtained in Comparative 
40 Example 1 , it is apparently inferior to any of the solar cell modules obtained in Examples 1 to 12. Particularly, 
this comparative solar cell module is apparently inferior in heat resistance wherein upon exposure to elevated 
temperature over a long period of time, the surface side filler is readily yellowed to result in causing a remark- 
able reduction in the initial photoelectric conversion efficiency, and the surface protective film is readily re- 
moved from the surface side filler upon exposure to frequent changes in the environmental temperature and 
45 moisture because the surface side filler is poor in adhesion, and further, the surface side filler is poor in mois- 
ture resistance and because of this, the initial photoelectric conversion efficiency is markedly reduced upon 
continuous use in an atmosphere of high temperature and high humidity over a long period of time. 

In the case of the solar cell module obtained in Comparative Example 2, having a surface side filler formed 
in the same manner as in Comparative Example 1 except for using acid-modified EVA having a relatively high 
so adhesion instead of the EVA, although the problem of causing a removal between the surface side filler and 
the protective film in the solar cell module obtained in Comparative Example 1 is improved, it is inferior in weath- 
erability, heat resistance, and moisture resistance as well as the solar cell module obtained in Comparative 
Example 1. 

In the cas ofth solar cell modul obtained in Comparativ ExampI 3, having a surf ace side filler formed * 
55 in th same manner as in Comparativ Example 1 except for using EMA instead of the EVA, it is inf rior in 
weatherability, heat resistance, and m isture resistance as well as th solar cell module obtain d in Compar- 
ative ExampI 1. 

In the cas of the solar cell module obtained in Comparativ ExampI 4 f having a surface side filler formed 
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in the same manner as in Example 1 except for using blocked isocyanate as the crosslinking ag nt without 
using any crosslinking assistant, it is inferior in weath rability, heat resistance, enduranc against frequent 
chang sin the nvironmental t mp rature, and moisture resistance wherein particularly upon exposur to con- 
tinuous light irradiation under severer nvironm ntal conditions over a long period of tim , the surfac sid 
filler has a tendency of being readily yellow d and clouded, and in addition to this, upon continuous exposure 
to elevated temperature, the surface side filler has a tendency of being readily deformed. Further in addition, 
this comparative solar cell module is remarkable in terms of a reduction in the initial photoelectric conversion 
efficiency after having been continuously exposed to irradiation of sunlight in a severer atmosphere of 
85°C/85%RH over a long period of time. 

In the case of the solar cell module obtained in Comparative Example 5, having a surface side filler formed 
in the same manner as in Example 1 except for replacing the f luororesin by tetraf luoroethylene-vinyl ether co- 
polymer resin, although it is satisfactory in weatherability and heat resistance, the surface side filler thereof 
is poor in adhesion not only with the surface protective film but also the element because said copolymer resin 
contains fluorine in an increased amount wherein a removal is readily occurred at the interface between the 
surface side filler and the surface protective film or the element upon continuous exposure to frequent changes 
in the environmental temperature and humidity. In addition to this, this comparative solar cell module is not 
satisfactory in moisture resistance. 

In the case of the solar cell module obtained in Comparative Example 6 in which the photovoltaic element 
is coated only by a layer comprised of the same f luororesin used as the surface side filler in Example 1, it is 
apparently inferior in weatherability and resistance to scratching because it is extremely difficult to uniformly 
and completely coat irregularities present at the surface of the photovoltaic elements only such f luororesin and 
the surface of the coat comprised of such f luororesin has a tendency of being readily polluted. 

From the above description, the followings are understood. That is, the photoelectric conversion module 
(or the solar cell module) according to the present invention in which a coating comprising at least a transparent 
filler and a transparent protective layer is disposed on the light receiving face of a photovoltaic element so as 
to encapsulate said photovoltaic element wherein said filler comprised of a fluorine-containing polymer with a 
fluorine content of 20 wt.% to 40 wt.% makes it possible to eliminate the problems relating to particularly weath- 
erability and heat resistance in the prior art and to attain an improved reliability for the surface coating of the 
photovoltaic element upon repeated use under severe environmental conditions in outdoors. This situation is 
further improved in the case where the transparent filler is comprised of a crosslinked product of a copolymer 
of chlorotrifluoroethylene and vinyl monomer. Further, in the case where a fluororesin with a fluorine content 
of 40 wt.% to 60 wt.% is disposed on the above filler, the above situation is significantly improved. 

In addition, the surface side filler according to the present invention effectively prevent the photovoltaic 
element from being suffered from moisture invasion and because of this, the photovoltaic element is enabled 
to exhibit a desirable photoelectric conversion efficiency without being deteriorated even upon repeated use 
over a long period of time in outdoors. 
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Claims 

1. A photoelectric conv rsion device including a photoel ctric conv rsion element comprising a substrate, 
aphotoelectricconversionlayerwithatleastapairof I ctrodes disposed on said substrat , a transparent 
resin layer comprising a fluorine-containing polym r resin, and a transparent surfac layer, said trans- 
parent resin layer b ing disposed between said photoelectric conversion lement and said transpar nt 
surface lay r, charact rised in that said fluorin -containing polym r resin has a fluorine cont ntof20wt. 
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% to 40 wt.% and is crosslink d with a peroxide. 

2. A module including (a) a photo lectric conv rsion element comprising a substrate, a photoelectric con- 
version layer with at least a pair of electrodes disposed on said substrat (b) a transparent r sin layer 
comprising a fluorine-containing poiym r resin, (c) a transparent surface layer, and (d) a reinforcing mem- 
ber, said transparent resin layer and said transparent surface layer being disposed in this order on the 
light receiving face of said photoelectric conversion element, and said reinforcing member being disposed 
on the rear side of said photoelectric conversion element, characterised in that said fluorine-containing 
polymer resin has a fluorine content of 20 wt.% to 40 wt.% and is crosslinked with a peroxide. 

3. A photoelectric conversion device or module according to claim 1 or 2, wherein the fluorine-containing 
polymer resin comprises a crosslinked product of a copolymer of chlorotrifluoroethylene and vinyl mono- 
mer. 

4. A photoelectric conversion device or module according to claim 3, wherein the vinyl monomer of the co- 
polymer includes a vinyl ether with a side chain having a long chain alkyl group. 

5. A photoelectric conversion device or module according to claim 3, wherein the vinyl monomer of the co- 
polymer includes a vinyl ester with a side chain having a long chain alkyl group. 

6. A photoelectric conversion device or module according to any preceding claim, wherein the copolymer 
has an acid value of 2 or more. 

7. A photoelectric conversion device or module according to any preceding claim, wherein the copolymer 
has a hydroxy! value of 50 or less. 

8. A photoelectric conversion device or module according to any preceding claim, wherein the fluorine-con- 
taining polymer resin contains a coupling agent. 

9. A photoelectric conversion device or module according to any preceding claim, wherein the transparent 
surface layer comprises a resin film having a surface contact angle of 70° or more against water. 

10. A photoelectric conversion device or module according to any preceding claim, wherein the transparent 
surface layer comprises an organic polymer resin. 

11. A photoelectric conversion device or module according to any preceding claim, wherein the transparent 
surface layer comprises a fluorine-containing polymer. 

12. A photoelectric conversion device or module according to claim 11, wherein the fluorine-containing poly- 
mer has a fluorine content of 40 wt.% to 60 wt.%. 

13. A photoelectric conversion device or module according to claim 11 or 12, wherein the fluorine-containing 
polymer is tetrafluoroethylene-ethylene copolymer. 

14. A photoelectric conversion device or module according to any preceding claim, wherein the face of the 
transparent surface layer to be contacted with the transparent resin layer has been subjected to corona 
discharging treatment, plasma treatment, ozone treatment, UV treatment, electron beam treatment, or 
flame treatment. 

15. A photoelectric conversion device or module according to any preceding claim, wherein the transparent 
surface layer comprises a nondrawn resin film. 

16. A photoelectric conversion device or module according to any preceding claim, wherein the photoelectric 
conversion layer has an amorphous semiconductor thin film. 

17. A photoelectric conv rsion d vice or module according to claim 16, wher in the amorphous semiconduc- 
tor thin film is composed of an amorphous silicon material. 

18. A modul according to any of claims 2 to 17, wherein the reinforcing member has an nd portion bent 
together at least the transparent r sin lay r. 
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19. A photo lectric conversion devic including a photoelectric conv rsion elem nt comprising a substrate, 
a photoelectric conversion layer with at least a pair of electrodes d isposed on said substrate, a transparent 
r sin lay r comprising a fluorin -containing polymer resin, and a transpar nt surface layer, said trans- 
parent resin layer b ing dispos d betw en said photoelectric conversion lement and said transpar nt 

5 surface layer, charact rised in that said fluorin -containing polymer r sin has a fluorine content of 20 wt.% 

to 40 wt% and contains neither a crosslinking agent nor a crosslinking assistant. 

20. A module including (a) a photoelectric conversion element comprising a substrate, a photoelectric con- 
version layer with at least a pair of electrodes disposed on said substrate, (b) a transparent resin layer 

to comprising a fluorine-containing polymer resin, (c) a transparent surface layer, and (d) a reinforcing mem- 

ber, said transparent resin layer and said transparent surface layer being disposed in this order on the 
light receiving face of said photoelectric conversion element, and said reinforcing member being disposed 
on the rear side of said photoelectric conversion element, characterised in that said fluorine-containing 
polymer resin has a fluorine content of 20 wt.% to 40 wt.% and contains neither a crosslinking agent nor 

is a crosslinking assistant. 

21. A device or module according to claim 20, wherein the fluorine-containing polymer resin comprises a co- 
polymer of chlorotrif luoroethylene and vinyl monomer. 

2o 22. A device or module according to claim 21 , wherein the copolymer has an acid value of 2 or more. 

23. A device or module according to claim 21 or 22, wherein the copolymer has a hydroxy! value of 50 or less. 

24. A device or module according to claim 21 , 22 or 23, wherein the vinyl monomer of the copolymer includes 
a vinyl ether with a side chain having a long chain alkyl group. 

25 

25. A module according to claim 21 , 22 or 23, wherein the vinyl monomer of the copolymer includes a vinyl 
ester with a side chain having a long chain alkyl group. 

26. A photoelectric conversion device including a photoelectric conversion element, a transparent resin layer 
30 comprising a fluorine-containing polymer resin, and a transparent surface layer, said transparent resin 

layer being disposed between said photoelectric conversion element and said transparent surface layer, 
characterised in that said fluorine-containing polymer resin has a fluorine content of 20 wt.% to 40 wt.%. 

27. A photoelectric conversion device including a photoelectric conversion element, a transparent resin layer 
35 comprising a fluorine-containing polymer resin, and a transparent surface layer, said transparent resin 

layer being disposed between said photoelectric conversion element and said transparent surface layer, 
characterised in that said fluorine-containing polymer resin is crosslinked with a peroxide. 
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(54) Photoelectric conversion device and photoelectric conversion module each having a 
protective member comprised of fluorine-containing polymer resin 



(57) A photoelectric conversion device including a 
photoelectric conversion element comprising a sub- 
strate, a photoelectric conversion layer with at least a 
pair of electrodes disposed on said substrate, a trans- 
parent resin layer comprising a fluorine-containing poly- 
mer resin, and a transparent surface layer, said trans- 
parent resin layer being disposed between said photoe- 
lectric conversion element and said transparent surface 
layer, characterized in that said fluorine-containing pol- 
ymer resin has a fluorine content of 20 wt% to 40 wt.% 
and is crosslinked with a peroxide. A module including 
(a) a photoelectric conversion element comprising a sub- 



strate, a photoelectric conversion layer with at least a 
pair of electrodes disposed on said substrate, (b) a trans- - 
parent resin layer comprising a fluorine-containing poly- 
mer resin, (c) a transparent surface layer, and (d) a re- 
inforcing member, said transparent resin layer and said 
transparent surface layer being disposed in this order on 
the light receiving face of said photoelectric conversion 
element, and said reinforcing member being disposed 
on the rear side of said photoelectric conversion ele- 
ment, characterized in that said fluorine-containing pol- 
ymer resin has a fluorine content of 20 wt.% to 40 wt% 
and is crosslinked with a peroxide. 
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